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REMARKS 

Claims 3, 11, 12, 13, 14, 17, 18, 19, 20, 22, 30, 31. 32, 34, 35, 36, 44, 47, 
48, and 49 have been cancelled. Claims 37-39 and 40-43 have been amended. 
New claims 50-57 have been added. Claims 1, 2, 4-10, 15-16..2!, 23-29, 37-43, 
and 50-57 are now pending in the application. No new matter has been added 
by amendment. Reexamination and reconsideration of the claims as amended 
are respectfully requested. '• - 

Claim Rejections - 35 USC § 112, second paragraph 

The Examiner rejects claims 3, 11-13, 18-20, 22, 30-32, and 47^9 under 
35 U.S.C. 112 second paragraph, as being indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicant regards as the 
invention. The Applicant traverses the rejection. 

The Examiner rejects claims 3 and 22. Claims 3 and 22. have been 
cancelled. 

The Examiner rejects claims 11 and 30. and dependent claims 12-13 and 
31-32. Claims 11, 12, 13, 30, 31, and 32 have been cancelled. 

The Examiner rejects claims 18 and 47, and dependent claims 19-20 and 
48-49. Claims 18, 19, 20, 47, 48, and 49 have been cancelled. 

The Examiner states that the dependent claims cited in this rejection fail to 
further limit the claims from which they depend. The Examiner suggests that the 
claims be placed in a product -by-process format. New claims 50-57 reflect that 
suggestion. 'The Examiner also suggests that the claims should be drafted in 
terms of methods of making a plant by comprising transforming the exemplified 
plant of claim 2 or 21 , New claims 54-57 reflect that suggestion. 

Claim Rejections - 35 USC § 112, first paragraph 

The Examiner rejects claims 3. 9-20, 22, 28-32, 34-44 and 47-49 under 35 
U.S.C. 112, first paragraph, as containing subject matter which was not 
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described in the specification in such a way as to reasonably convey to one 
skilled in the art that the inventors, at the time the application was filed, had 
possession of the claimed invention. The Applicant traverses the rejection. 
Claims 3, 11, 12, 13, 14, 17, 18, 19, 20,. 22, 30, 31, 32, 34,,35, 36, 44, 47. 48, 
and 49 have been cancelled. Claims 37, 38, 39. 40, 41. 42. and,43*have been 
amended. New claims 50-57 have been added. 

The Examiner rejects claims 11, 15-16, 30, 34-35 and their dependent 
claims and states that the claims "are broadly drawn to any .transgenic plant 
which contains any heterologous transgene of any sequence conferring any trait, 
and methods of making and using the transgenic plants." The Examiner rejects 
claims 3. 18-20, 22, and 47^9 and their dependent claims and states that the 
claims "are broadly drawn to any 'single gene conversion' plant comprising one 
or more traits including male sterility introgressed into the claimed variety by 
backcrossing or other traditional means, and methods of using these plants." 
The Examiner states that "no guidance has been provided for the introgression of 
any single trait from a multitude of non-disclosed and uncharacterized parentals 
into the claimed variety, wherein said introgression should result in successful 
expression of the desired trait but should not interfere with the expression of the 
remaining traits whose combination confers patentability to the instantly 
exemplified variety, and which introgression should not introduce -unwanted 
linked genetic material into the exemplified cultivar which would disrupt its 
patentably unique genetic complement." The Examiner also states that claims 
are "broadly drawn to any transgenic plant which contains any heterologous 
transgene of any sequence conferring any trait, and methods of making or using 
the transgenic plants." The Examiner states. that, "No guidance has been 
provided for the description or characterization of a multitude of heterologous 
coding sequences conferring a multitude of traits." 

Claims 3, 11. 12, 13. 18, 19, 20, 22, 30, 31, 32. 47, 48, and 49 have been 
cancelled to place the claims in the method and product by method format 
requested by the Examiner. New claims 50, 52 54 and 56 are drawn to methods, 
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white their depending claims are drawn to the products produced by those 
methods. The claims include the well known methods of producing backcross 
and transgenic conversion plants. The product by process claims are further 
limited by specified conversion or transgenic traits, which include the traits of 
** insect resistance, herbicide resistance^ isease resistance and male sterility. 

While the Examiner states that the claims encompass "any transgenic 
plant which contains any heterologous transgene of any sequence conferring any 
traif , the Applicant points out that it is not claiming so broadly as to claim any 
maize plant, regardless of source, comprising those traits. The Applicant .is 
claiming PH5HK or a limited set of plants derived therefrom that have obtained 
significant genetic contribution from PH5HK. 

Applicant has made an enabling deposit of PH5HK with the ATCC, and 
the Applicant is seeking a fair scope of protection as the quid pro quo for the 
teaching in the specification and the deposit of the material. The introgression of 
one or a few genes into a genome that is estimated to have over 50,000 to 
80,000 genes (Xiaowu, Gai et al., Nucleic Acids Research, 2000, Vol. 28, No. 1, 
94-96) is a minor change to PH5HK and will not prevent one of skill in the art 
from identifying the plant as being derived from PH5HK. 

Applicant respectfully points out that examples of transgenes, genes, and 
traits that can be backcrossed into the PH5HK are given in the application on 
page 21, lines 16-34, and also on page 23, line 20, through page 33, line 4. In 
order to expedite prosecution new claims 51 and 55 list the type of traits that may 
be conferred by backcross conversions and transgenes. Claim 51 also specifies 
that PH5HK is used at least twice as a recurrent parent in the development of a 
backcross conversion plant. Breeders, by using molecular markers, may obtain 
up to 98% genome identity between the backcross- conversion and the recurrent 
parent after two backcrosses. See Marker-assisted Selection in Backcross 
Breeding, Openshaw, S.J. et al. Marker-assisted selection in backcross breeding. 
In: Proceedings Symposium of the Analysis of Molecular Data, 5-6 August 
1994, pp. 41-43. Crop Science Society of America, Corvallis, OR (1994) included 
as Appendix A . Inbred PH5HK transformed to comprise a transgene is also 
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easily identifiable through the use of molecular markers. The transgenic version 
of PH5HK would have the same molecular profile as PH5HK, with the possible 
exception of a marker used in the profile that is located at the site of transgene 
insertion. However, in this case, the plethora of other identical markers would 
identify the line as a transgenic variant of PH5HK. 

Applicant points out to the Examiner that, at the present time, it is not 
typical that a transgene be incorporated into each newly developed line, such as ..: 
PH5HK, by direct transformation. Rather, the more typical method used by 
breeders of ordinary skill in the art is to incorporate the transgene into a new line 
by taking an already transformed plant line and using it as a donor line to 
produce a backcross conversion. Thus, the well established method of 
backcrossing has been used and is the most common means of introgressing the 
claimed traits into new material. 

In the specification on page 4, lines 7-13, it states, "Backcrossing can be 
used to transfer a specific desirable trait from one inbred or source to an inbred 
that lacks that trait. This can be accomplished, for example, by first crossing a 
superior inbred (recurrent parent) to a donor inbred (nonrecurrent parent), that 
carries the appropriate gene(s) for the trait in question. The progeny of this cross 
is then mated back to the superior recurrent parent followed by selection in the 
resultant progeny for the desired trait to be transferred, from the non-recurrent 
parent." The method of backcrossing genes into an inbred maize plant is well 
known and well understood to one of ordinary skill in the art. The method has 
been successfully used since the 1950's (see pages 585-586 of Wych, 1988 
included in the Information Disclosure Statement). In the specification, on page 
21, tines 16-34, there is a description of how to backcross traits into PH5HK, 
which includes the claimed traits. Examples of how one of ordinary skill in the art 
can transfer a gene conferring a qualitative trait into a variety through 
backcrossing is demonstrated by the fact that the commercial market now 
distributes a multitude of products produced in this manner. Such conversion 
lines are easily developed without undue experimentation. Poehlman et al. 
(1995) on page 334. submitted in the information disclosure statement, states 
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that, "A backcross-derived inbred line fits into the same hybrid combination as 
the recurrent parent inbred line and contributes the effect of the additional gene 
added through the backcross." Wych (1988) on page 585-86, also submitted in 
the information disclosure statement, discusses how the male sterility trait is 
routinely backcrossed into an inbred line and how this is used to produce a 
sterile/fertile blend of an F1 hybrid in order to reduce seed production costs. In 
fact, many commercial products are produced in this manner, and those -of 
ordinary skill in the art consider the F1 hybrid produced with the male sterile 
(backcross conversion) inbred to be the same variety as the F1 hybrid produced 
with the non-backcross conversion inbred. 

As a result of the repeated use of the recurrent parent, the backcross 
conversion has many genetic alleles in common with the recurrent parent. Thus, 
genetic analysis may be used as a means of identifying the backcross 
conversion. The declaration attached as Appendix B explains how genetic 
analysis was used to identify backcross conversion inbreds of PH5HK. The F1 
hybrid made with a transgenic version or a backcross conversion of .PH5HK is 
also identifiable by the use of genetic markers, because the hybrid would contain 
one set of alleles from each parent. The Examiner also states that the Applicant 
has not characterized parentals. Applicant respectfully disagrees. In a 
backcross conversion the deposited material is repeatedly used as the parental 
line. 

The Examiner rejects claims 9-1 0, 12-17, 28-32, and 34^4 and states that 
the claims "are also broadly drawn to any plant produced by crossing the 
exemplified with any of a multitude of non-exemplified plants, or any descendents 
of the exemplified cultivar obtained by using that cultivar as one parent in a 
series of undisclosed crosses for an undisclosed number of generations and with 
undisclosed breeding partners." •*• 

The Examiner rejects claims 9, 10, 28, and 29. that claim the F1 hybrid 
seed and F1 hybrid plant made with PH5HK as a parent. Applicant notes that a 
claim to the F1 hybrid made with a deposited inbred was expressly 
acknowledged without reservation by the United States Supreme Court In J.E.M. 
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Ag. Supply, Inc. v. Pioneer Hi-Bred Infl, Inc., 60 USPQ 2d 1865,1873 (S.Ct. 
2001), when the Supreme Court wrote, "...a utility patent on an inbred plant line 
protects the line as well as all hybrids produced by crossing that inbred with 
" another plant line." Further, one of ordinary skill in the art would know how to 
cross PH5HK with another maize plant. The.F1 hybrid seed arid plant produced 
using PH5HK, regardless of the other maize plant used, is identifiable because it 
will have one set of alleles coming from PH5HK. One of ordinary skill Jn the art - 
would be able to run a molecular profile on PH5HK and the F1 hybrid and be 
able to identify the F1 hybrid as being produced from PH5HK. Seed pericarp 
tissue, which is solely maternal in origin, can be used to discern the maternal or . 
paternal origin of the allele sets if necessary. See page 16. pf Poethig, R.S. •„ 
1982. Maize, the plant and its parts. In: W.F. Sheridan (Ed.) Maize for 
Biological Research, University of North Dakota Press, Grand Forks, ND. pp. 9- 
1 8, submitted as Appendix C . 

As stated in the specification on page 16, lines 8-23. there are many 
laboratory-based techniques available for the analysis comparison and 
characterization of plant genotype such as Restriction Length Polymorphisms 
(RFLPs) and Simple Sequence Repeats (SSRs). Such techniques may be used 
to identify whether or not PH5HK was used to develop a hybrid. The Applicant 
also submits to the Examiner the journal article by Berry et al. (2002). This 
article discusses the probability of identifying the parents of the hybrid by SSR 
data when neither parent is known and without the use of pericarp analysis. A 
copy of the article by Berry et al. is attached to this Amendment and Request for 
Reconsideration as Appendix D. The results of the experiment showed that 
using 100 SSR loci markers resulted in correct parental ranking of inbreds for 53 
out of 54 hybrids. Applicant also points out that any breeder of ordinary skill in 
the art will know the identity of both parents used to produce a hybrid. 

The Examiner rejects claims 12-17, 30-32, and 33-44. Claims 12-14,, 30- 
32, 34-36. and 44 have been cancelled. Claims 15, 16, 28, and 29 remain 
pending and are to methods ot developing a maize plant through the utilization of 
PH5HK. Applicant points out that anyone of skill in the art would know how to 
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utilize the well established breeding methods with PH5HK. Description of such 
occurs throughout the specification and descriptions can also be found in 
introductory plant breeding books. Claims 40-43 remain pending and have been 
te amended. Claim 40 is to the method of producing a first generation PH5HK- 

derived hybrid maize plant. Applicant believes the patent office has previously 
indicated this claim scope as allowable and requests thaMhis rejection be 
withdrawn. Claim 41 is to the first generation PH5HK-derived hybrid maize plant 
produced by the method of claim 40. The first generation hybrid, or F1 hybrid, is 
identifiable through both breeding records and molecular marker. techniques as 
discussed above. Claim 42 is to the method of selfing the first generation hybrid 
PH5HK for successive filial generations. This is a basic and well known breeding 
methodology, and the use of this methodology with PH5HK is described in the 
specification on page 21, lines 1 to 15. 

Claim 43 is to plants derived from claim 42 that have at least 50% of their 
genetics derived from PH5HK. These claimed plants are clearly described by 
their method of production, which requires the use of PH5HK. Such plants must 
be produced through the use -of PH5HK and the Examiner acknowledges that 
PH5HK is clearly identified. Further, Applicant has added the 'limitation of at least 
50% inheritance from the PH5HK side of its pedigree to further emphasize the 
significant influence of PH5HK in the claimed product Genetic inheritance has 
been accepted by both courts and governmental agencies as an accurate and 
reliable means of identification. In paternity cases courts routinely compel 
genetic testing of putative fathers to establish paternity, and federal law 
mandates that states have laws requiring that genetic test results be admissible 
in such cases without the necessity for foundation testimony or other proof 42 
U.S.C. 666(a)(5)(F)(iii)(Supp. V 1999). In such cases, a child will, on average,, 
inherit 50% genetic contribution from each parent. Similarly, the plants produced 
by the method of claim 42 will also, on average, inherit 50% genetic contribution 
from each parent. 

Applicant requests that the Examiner examine the sufficiency of 
description of claim 43 with all of its claim limitations, including the limitation that 
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the progeny be produced by the method of claim 42, with the use of PH5HK and 
retaining at least 50% genetic contribution from PH5HK. One of ordinary skill in 
the art would know how to cross PH5HK to develop an F1 hybrid and also how to 
self plants derived from the cross with PH5HK. In Ex parte Parks, 30 USPQ.2d 
1234 (B.P.A.I. 1994), the Board of Appeals stated, "Adequate description under 
the first paragraph of 35 U.S.C. 112 does not require literal support for the 
claimed invention. Rather, it is sufficient if the originally-filed disclosure would 
have conveyed to one having ordinary skill in the art that an appellant had 
possession of the concept of what is claimed." Emphasis added. In J. E M. Ag. 
Supply, the Supreme Court also acknowledged the value of a newly developed 
line in further breeding, when it stated that, " a breeder can use a plant that is 
protected by PVP certificate to 'develop' a new inbred line while he cannot use a 
plant patented under §101 for such a purpose." Id. at 1873. 

The Examiner cites the Federal Circuit as stating that the written 
description of an invention "requires precise definition, such as by structure, 
formula, [or] chemical name, of the claimed subject matter sufficient to 
distinguish it from other materials." University of California v. Eli Lilly and Co., 
-119 F. 3d 1559, 1568; 43USPQ2d 1398, 1406 (Fed. Cir. 1997). The Applicant 
has fulfilled this written description requirement through the seed deposit of.: 
PH5HK. As described in the specification, lines 8-23 on page 16, the seed 
deposit allows one of ordinary skill to run a molecular profile of PH5HK. 
Applicant submits the molecular profile of inbred line PH5HK in the declaration of 
Dinakar Bhattramakki attached hereto as Appendix E . Further Applicant amends 
the specification to include such SSR profile. Such SSR profile is not new 
matter, as it is an inherent feature of inbred line PH5HK, a representative sample 
of which has been deposited with the ATCC. For example, see Ex parte Marsili, 
Rosetti, and Pasqualucci, 214 JSPQ 904 (1972), in which the Patent and 
Trademark Office Board of Appeals held that it was not new matter to amend the 
structure of a compound when a more refined analytic investigation showed a 
corrected formula. The Board, relying on well established cases of In re Nathan 
et a l . 51 CCPA 1059, 328 F.2d 1005, 140 USPQ 601 (1964); In re Sulkowski, 
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487 F.2d 920, 180 USPQ 46 (CCPA 1973); Spero v. Ringold, 54 CCPA 1407, 
377 F.2d. 652, 153 USPQ 726 (1967), and Petisi et ai. v. Rennhard et al., 53 
CCPA 1452, 363 F. 2d 903. 150 USPQ 669 (1966) concluded that the "products 
described, exemplified and claimed by Appellants inherently had and have now 
the Structure given in the amendment in question. Consequently, the changes 
made in this amendment do not constitute new matter. Marsili at 906V Similarly, 
in the present case, inbred line PH5HK inherently had and still has the SSR 
marker profile being added. One of ordinary skill in the art can use molecular 
markers to identify PH5HK, a transgenic version of PH5HK, a backcross 
conversion of PH5HK and the F1 plant of the transgenic version and backcross 
conversion of PH5HK. * 

The Applicant would also like to point out that the specification also 
identifies PH5HK with phenotypic descriptions. Various examples of breeding 
methods, transgenes, transformation procedures, and F1 hybrid production are 
given in the specification. The mean values of traits for numerous F1 plants, 
wherein PH5HK is the parent and other numerous maize plapts are the second, 
parent, are given in Tables 3A-3C, pages 44-46. Table 4 contains mean values 
of traits to a specific F1 wherein PH5HK is a parent. 

The Examiner also stated, in reference to Lilly, that, "the court also 
concluded that 'naming a type of material generally known to exist, in the 
absence of knowledge as to what that material consists of,. is not a description of 
that material. Id." This is not the case here. Applicant has created a novel line 
and seeks a scope of protection that adequately protects the invention. 
Applicant believes that the derivatives, variants and closely related progeny 
easily and routinely created by use of this newly developed line are 
encompassed within the scope of the invention of the variety itself. These, 
derivatives, variants and closely related progeny derive direct and substantial 
benefit from Applicant's work and deserve to be included within the scope of the 
claims. Thus, the issue here is patent scope around what has already been 
created (and deposited) by Applicant. The fact that the progeny have not been 
created does not prevent them from being protected in this manner. As stated in 
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MPEP 2163 (3) (a), "An invention may be complete and ready for patenting 
before it has actually been reduced to practice." 

In Enzo vs. Gen-Probe, U.S. State Court of Appeals for the Federal 
Circuit, 63 USPQ 2d 1609; the court reversed its prior decision regarding the 
insufficiency of the deposited genetic probes to meet the written deso»Rjion 
requirement. In so holding, the court stated, " As the deposited sequences are • 
about 850, 8500, and,-1300 nucleotides long, there, are at least hundreds of . 
subsequences of the deposited sequences, an unknown number of which might 
also meet the claimed hybridization ratio. Moreover, Enzo's expect, Dr. Wetmur, 
stated that 'astronomical* numbers of mutated variations of the deposited 
sequence also fall within the scope of those claims, and that such broad claim 
scope is necessary to adequately protect Enzo's invention from copyists who 
could otherwise make minor change to the sequence and thereby avoid 
infringement while still exploiting the benefits of Enzo's invention. The 
defendants assert that such breadth is fatal to the adequacy of the written 
description. On the other hand/because the deposited sequences are described 
by virtue of a reference to their having been deposited, it may well: be that various 
subsequences, mutations, and mixtures of those sequences are also described 
to one of skill in the art. We regard that question as an issue of fact. 

The issue of whether the progeny as now claimed satisfies the written 
description requirement is also an issue of fact. PH5HK is a unique inbred, as 
evidenced by the morphological and physiological traits given in Table 1, pages 
18-20, of the application. Routinely used molecular techniques, discussed on 
page 16. lines 8-23 of the application, can be used to verify whether PH5HK is 
within the pedigree of a claimed plant. One of ordinary skill io-the art would also 
know from breeding records if PH5HK were utilized in the development-of a 
claimed plant. 

As stated in the written description guidelines "an applicant shows 
possession of the claimed invention by describing the claimed invention with all 
its limitations using such descriptive means as words, structures, figures, 
diagrams, and formulas that fully set forth the claimed invention. Possession 
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may be shown in a variety of ways, including... by describing distinguishing 
identifying characteristics sufficient to show that the applicant was in possession 
of the claimed invention." 1255 Official Gazette 140 (Feb. 5, 2002). Phenotypic 
traits are used in the text of the specification. Genetic and other molecular 
profiles may be obtained from the deposit. Once a line is identified as being 
PH5HK, one of ordinary skill in the art would also easily be able to determine 
which progeny they develop from that line fall within the scope of the .claims. 

Within the plant breeding arts breeders use pedigree as a means to 
characterize lines in reference to their progenitors. It is unambiguous and easily 
traceable through breeding records that are maintained by any breeder of 
ordinary skill in the art. It indicates that a line fewer crosses away frpna* starting 
line will be, as a whole, more highly related to the starting line. Thus, the work of 
the original breeder in developing the starting line will be retained jn the closely 
related progeny. More specifically, traits, and linkage groups present in PH5HK „ 
will be retained in progeny that are within one outcross from PH5HK. Applicant 
submits that characterization of the progeny of PH5HK by virtue of their filial 
relationship is a clear and acceptable means of identification. Not only are filial 
descriptions used by breeders to evaluate materials for use.. in their breeding 
programs, but it is standard practice within the plant breeding industry for 
universities and companies that license inbred maize lines to retain a royalty from 
lines developed through the use of their inbreds. Those royalties are, in almost .. 
all cases, based on the filial relationship between the licensed inbred used in 
breeding and the progeny line commercialized. This is further evidence that 
those of ordinary skill in the art of plant breeding describe progeny in terms of 
pedigree and find it an acceptable means of characterization^ 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20,000 
lines are created and screened in order to develop any maize inbred line for 
which the Applicant files a patent application. Once developed, the inbred line is 
useful for two purposes: (1) to make commercial hybrids, and (2) as a source of 
breeding material for the development of new inbreds that retain the original 
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inbred's desired characteristics. A breeder desiring to make a line with similar 
traits to PH5HK would be greatly advantaged by being able to use PH5HK as 
starting material. This is because the linked genes arranged through Applicant's 
breeding efforts, and fixed in PH5HK, can be maintained in the progeny of 
PH5HK by a breeder of ordinary skill in the art. > The end result is the 
development of an inbred line with substantial benefit from the. Applicant's work. 

PH5HK-derived progeny are -described by the fact that PH5HK is .utilized 
in a breeding program to make 4he PH5HK-derived progeny, PJH5HK gives 
genetic contribution to the PH5HK-derived progeny, and the genetics of PH5HK 
are described by ATCC deposit of PH5HK seed. By limiting the progeny to one 
outcross away from PH5HK and by limiting the progeny to those that contain at 
least 50% of their genetics from PH5HK, the Examiner's concern that the 
progeny may be only distantly related to PH5HK is addressed. 

Applicant would also like to emphasize that PH5HK cannot be derived 
through any other means than through PH5HK seed and plant, nor can the 
influence of PH5HK on the progeny be removed from a line within one outcross 
of PH5HK. To view this claim as one of breadth ignores an essential limitation of 
the claim; that only a plant developed through the use of PH5HK is within the 
scope of the claim. Such a' plant couid not be obtained without the use of 
PH5HK, so the claim would not in any way restrict the work of a breeder that did 
not in fact use PH5HK. Compliance with the written description requirement is 
essentially a fact based inquiry that will "necessarily vary depending on the 
nature of the invention claimed." Vas-Cath v. Mahurkar, 935 F. 2d 1555 (citing In 
re DiLeone, 436 F2d. 1404, 1405). Thus, the compliance with the written 
description requirement must be judged in view of this limited scope of the 
progeny claims. As amended, the claims are drawn to only a limited scope of • 
progeny, progeny whose existence is the direct result of the use of PH5HK. This 
is in harmony with the statement in section 2163 of the MPEP that "the written 
description requirement promotes the progress of the useful arts by ensuring 
inventions are adequately described in the specification in exchange for the right 
to exclude." That quid pro quo of patent law has been met by the Applicant in the 
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present case, and to use written description to deny adequate patent protection 
would be contrary to the stated purpose of the written description requirement. 

The Examiner also rejects claims 37-39 under 35 USC § 112, first 
paragraph. Claims 37-39 have been amended for clarification purposes. Claims 
- ~37-39 are directed to growing out an F1 hybnd in which PH5HK is a parent and 
searching for PH5HK* inbred seed. -Due to the imperfect, process of seed 
production parent seed can sometimes be contained in the hybrid seed bag. 
This claim covers the method of searching for inbred PH5HK seed within a bag 
of hybrid seed. The method is clearly described in the specification, on page 5, 
line 21 through line 7 on page 6. One of ordinary skill in the art can practice such 
a method without undue experimentation. The Applicant requests that the 
Examiner withdraw his rejection to claims 37-39. 

The Examiner rejects claims 3, 9-20, 22, 28-32, 34-44, and 47-49 under 
35 U.S.C. 112, first paragraph, as containing subject matter which was not 
described in the specification in such a way as to enable one skilled in the art to 
which it pertains, or with which it is most nearly connected, to make and/or use 
the invention. Applicant traverses the rejection. ~ 

With the exception of the arguments pertaining to Hunsperger et. al., Kraft 
et. al. and Eshed et. al., the Examiner provides nearly identical arguments for the 
112, first paragraph, lack of enablement rejection as those provided for the 112, 
first paragraph, lack of written description rejection addressed above. 

To avoid repetition, Applicant respectfully requests that the Examiner 
consider the arguments-made in response to the 112, first paragraph, Jack of 

* 

- written description rejection as also applicable to the 1 12, first paragraph, lack of 
enablement rejection. In addition, the Applicant directly addresses the 
arguments raised by the Examiner that relate to Hunsperger, Kraft and Eshed. 

The Examiner has cited Hunsperger, Kraft and Eshed and stated that 
they "teach that it is unpredictable whether the gene or genes responsible for 
conferring a phenotype in one plant genotypic background may be introgressed 
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into the genetic background of a different plant, to confer a desired phenotype in 
said different plant." The Examiner states that, Hunsperger et al teach that the 
introgession of a gene in one genetic background in any plant of the same 
species, as performed by sexual hybridization, is unpredictable in producing a # 
single gene conversion plant with a desired trait (see, e.g., column 3,-Jines 26- 
46). " Applicant's respectfully disagree that this is what, is taught by Hunsperger 
• et al. Hunsperger et al. teaches that a gene that results in dwarfism of a petunia 
plant can be incorporated into other genetic backgrounds of the petunia, species 
(See column 2, line 67 to column 3, lines 1-4). Hunsperger et al. merely 
discusses the level of the expression of that gene differed in petunia., plants of 
different genetic backgrounds. Hunsperger et al. succeeded in incorporating the 
gene into petunia plants of different genetic backgrounds. Therefore, Hunsperger 
et al. support the fact that one can introgress a specific trait into a recurrent 
parent through backcross conversion. Applicant's specification provides^ample 
disclosure of starting materials such as maize inbred PH5HK, a discussion of 
traditional breeding methods, and examples of transgenes , and naturally 
occurring genes that may be used in such methods. Hallauer et a!.- (1988) on 
page 472, submitted in the information disclosure statement, state that, "For 
single gene traits that are relatively easy to classify, the backcross method is 
effective and relatively easy to manage." The teaching of Hallauer relates 
specifically to corn breeding and corn inbred line development, while Hunsperger 
et al relates to petunia. 

The Examiner goes on to state that, "Kraft et al. teach that linkage 
disequilibrium effects and linkage drag prevent the making of plants. comprising a 
single gene conversion, and that such effects are unpredictably genotypic 
specific and |oci-dependent in nature (see, e.g.,.page 323)." Applicant disagrees 
that the article states such points. Kraft et al. make no mention of a. plant 
comprising a single gene conversion. Further, Kraft et al. relates to linkage 
disequilibrium and fingerprinting in sugar beet, a crop other than maize. Kraft et 
al. state, on p. 326, first column. "The generality of our results for other crop 
species needs to be investigated." 
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It is understood by those of skill in the art that backcross conversions are 
routinely produced and do not represent a substantial change to a variety. The 
World Seed Organization, on it's web site, writes, The concept of an essentially 
derived variety was introduced into the 1991 Act of the UPOV Convention in 
order to avoid plagiarism through mutation, multiple back-ccossing and to fill the 
gap between Plant Breeder's Rights -and patents." As determined by the UPOV 
Convention, essentially derived varieties may be obtained for examplejpy the 
selection of a natural or induced mutant, or of a somaclonal variance selection 
of a variant individual from plants of the initial variety, backcrossinq, or 
transformation by genetic engineering. The commercialization of an essentially 
derived variety needs the authorization of the owner on the rights vested in the 
initial variety." International Convention for the Protection of New Varieties of 
Plants, as amended on March 19, 1991, Chapter V, Article 14, Section 5(c).- 
(emphasis added). A copy of the relevant portion of the UPOV Convention and 
the World Seed Organization web site is attached as Appendix F, _ 

An example of how one .of ordinary skill in the art can transfer a gene 
conferring a qualitative trait into a variety through backcrossing is demonstrated 
by the fact that the commercial market now distributes a multitude of products 
produced in this manner. Such conversion lines are easily developed without 
undue experimentation. Poehlman et al. (1995) on page 334, submitted in the 
information disclosure statement, states that, "A backcross-derived iQpred line fits 
into the same hybrid combination as the recurrent parent .inbred line and 
contributes the effect of the additional gene added through the backcross." 

The Examiner goes on to state that, "Eshed et al. teach that in . plants, 
epistatic genetic interactions from thewarious genetic components-comprising 
contributions from different genomes may. effect quantitative traits in genetically 
complex and less -than additive fashion (see, e.g., page 1815). The Applicant 
would like to point out. on page 1816, column 1, lines 1-5 of the Eshed et al. 
article it states, "Recent studies that detected epistasis of selected QTL in 
Drosophila (Long et al. 1995), soybean (Lark et al.1995) and maize (Doebley et 
al.1995; Cockerham and Zeng 1996) did not show a less-than-additive trend." 
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Emphasis added. Applicant also adds that transferring a qualitative trait does not 
require undue experimentation. Please note Hallauer et al. (1988) on page 472, 
submitted in the information disclosure statement, which states, "For single gene, 
traits that are relatively easy to-classify, the backcross method is effective and 
relatively easy to manage." Claim 51 has been amended to expedite 
prosecution. In claim 51, the genes transferred into PH5HK,.are now limited to 
the traits of herbicide resistance, insect resistance, disease resistance, male 
sterility, and waxy starch. 

The Examiner alleges that Applicant's traversal of the art rejection on 
pages 7-8 of the amendment of 22 August 2002 "admits that outcrossing the 
exemplified inbred to another undisclosed plant is unpredictable. ". Applicant's . 
statements on pages 7-8 of the amendment of 22 August 2002 make the point 
that it is not possible to use the cited prior art line WKBC5 to produce a line that 
is the same as PH5HK or any of the claimed progeny of PH5HK, Applicant did 
not in any way state that it would be unpredictable to introgress a gene into 
PH5HK through backcross breeding techniques or transformation. 

In light of the amendments to the claims and the foregoing arguments the 
Applicant requests reconsideration of the rejection under the first paragraph of 35 
U.S.C. 112. 

Claim Rejections under 35 U.S.C. § 102 and 103 

The Examiner states that, "Claims 14 and 43 remain rejected under 35 
U.S.C. 102(b) as anticipated by or in the alternative, under 35 U.S.C. 103(a) as 
obvious over Cummings (U.S. Patent No. 5,977,455)." Applicant traverses the 
rejection. 

Applicant has cancelled claim 14. Applicant has amended claim- 43- 
Claim 43 is limited to progeny produced by the method of claim 42, which 
requires the use of PH5HK, and is further limited to progeny deriving at least 
50% genetic contribution from PH5HK. 

The Examiner has made several objections which relate to written 
description and these were addressed in the response to the written description 
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section above. The Examiner then makes the statement that "It is unclear and 
unlikely that the genetic material that remains in the first generation progeny 
retain the unique genetic and morphological complement of the exemplified 
inbred. ..Furthermore, since the individual traits exhibited by the exemplified ^ 
inbred are not unique to the exemplified inbred, either by desiee of expression 
nor genetic means of inheritance, a descendent of- the exemplified inbred 
containing no genetic material.from it could still exhibit these individual traits, and ... 
could still possess the same genetic means for conferring these .traits as did the . 

exemplified inbred." 

Applicant responds that such a described inbred is not within the scope of 
the claim as amended, because it would not have at least 50% genetic 
contribution from PH5HK. Further, the benefit of the invention relates not to 
plants comprising these traits in general, but plants that comprise these traits 
through the use of PH5HK and the work of Applicant in fixing these, traits and 
linkage groups in PH5HK. Nothing in claim 43 would restrict a- breeder from 
making, using or selling a line with all of the same morphological and 
physiological characteristics of PH5HK or the plant of claim 43, so long as such 
plant was created without the use of PH5HK. 

Further, as evidenced by the declaration of Stephen Smith submitted as 
Appendix G , both PH5HK and its progeny within the scope of claim 43 are 
distinct from WKBC5 taught in U.S. Patent No. 5.977,455. 

In light of the above. Applicant respectfully requests that the Examiner 
reconsider and withdraw the rejection to claims 1 49 under 35 U S C. 102 (b) and 
103(a). 

Claims 1, 2, 4-10, 15-16, 21, 23-29, 37-43, and 50-57 are now pending in 
the application. The amendments made herein do not in any way change the 
claim scope which the Applicant believes is allowable but is meant to hasten the 
issuance of the patent. 

CONCLUSION 

Applicant submits that in light of the foregoing amendments and the 
remarks, the claims 1. 2, 4-10, 15-16, 21, 23-29, 37-43, and 50-57 are in 
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condition for allowance. Reconsideration and early notice of allowability is 
respectfully requested. If it is felt that it would aid in prosecution, the Examiner is 
invited to contact the undersigned at the number indicated to discuss any 
outstanding issues. 



Steven Callistein 

Pioneer Hi-Bred International 

7100 NW 62 nd Avenue 

P.O. Box 1000 

Johnston, IA 50131-1000 

(515) 254-2823 

(515) 224-6883 Facsimile 



Respectfully submitted, 
Philip Richard Martin 




Steven Callistein 
Reg. No. 43,525 
Attorney for Applicant 
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Marker-assisted Selection in 
Backcross Breeding 



Ob 



SJ-Openshaw 

Pioneer Hi^Bred Intl. Inc., EO. Box 1004, Johnston, IA 50131 
S.G- Jarbo* 1 

CIMMYT, Lisboa 27, Apdo. Postal 6-641, 06600 Mexico, D.K Mexi<& * . 

WJD. Beavis 

Pioneer Hi-Bred IntL Inc., RQ* Box 1004, Johnston, IA 50131 

JLhttraa The backers br*«Un a procedure hu been ased widely to transfer simply ^tented4rJto ^ t0 ^ ^S^' 
l^lkdrittiVMi of backer**!** by 1) merging tke probab Wry of 
1) Mi d* toe require to achleTe an stable rtcovtt* S^^M^r^U^^ 
ft,L for wott* consisting of km 200-cM chromosomes, baling selection on 40 or 80 markers lo 50 BC IndJ^dmds^t 
So ' S Wig transfer^ «n reduce the nimAir of backcross t^ncrarlota needed fro* abo«t s^en to chr~ 

%KP shown in Table 1, Mid have largely ignored the generic 
variation for %RP that exlsn around ihc expected mean. With 
die development of fieneric markers capable of providing good 
genome coverage, there has been Interest in taking advantage of 
thai variation to increase the cfficiCTicy of backcrossing. . 

Selection for RP marker allel&K cin increase fcraatly the 
effectiveness of backefoss programs by allowing the breederto • 
1) select backcross plants that have a higher proportion of RP 
genoma. and 2) aelaei bacVeross Individual* rhat arc bettor 
conversions near a mapped donor .allele being transferred (Le^ 
select for less linka^cdrag). Expressed in practical terms, using 
genttic markers to asaUr backeros|ing can 1)- Increase tha 
probability of obiaininfc a suitable conversion, and 2) decrease 
the time required w achieve an acceptable recovery. 

Issues to consider when pianola* a marker- assisted back- 
cros* program Include 1) Ihe time advantage of uiing markers - 
to assist backcrosslnf. 2) the nt>mber of markers needed, and 3) 
the number of jenocypes co-evaluata. In this report, we use 
results from previous liler*lur.e. computer simulation, and em- 
piric*! itudi»4 to provide lome guidelines 

1. fop***** «tf*wry qfrMwnt /xirj/u (Hf) $4W* during 



The backcroii breeding procedure haa been used widely 
to transfer simply inherited traits into eljt* genotypes. 
Usually, the rralc being transferred is controlled by a 
lingle gene, but highly heritable ttairs thai are more coraplaxly 
inherited have also been transferred successfully by backcros*- 
tng; for example, maluriry in maize (Rlnke and Seniz, 1961; 
Shaver, 1976). Today, baekcrossinfi id beinfi ssed to transfer 
geecs introduced by such t«ebniqa#$ as h-an$fonv»atioa or 
mutation Into appropriate Eermplasm, - 
Several plant breeding textbooks give good descnptio nS Of 
the backcioss procedure (AUard, 1960; Fahr, 1987). A donor 
parent <DP) carrying a trait of interest is crossed to die recurrent 
parent an cUta line that Is Ucklfl£ The F, Is 

crossed bock to the RP to produce the BC ( generation. In tha 
BC. and subsequent backcross ^eneratloiis, selected Individu- 
als carrying the gene being transferred are b«terowed to die 
HP . The expected rjrapornon of DP genoma is reduced by half 
wjth eachgeneratioo of backcrosslnf. Ignoring effects of link- 
age to the selected Dp allele being transferred, the percentage 
recurrent parent ("JfeRP) genome expected in each baekerafla 
genefftdon i* calculated a«: 

<*RP- 100 [1^(0 5)^1 

where n is the number of bftckcrosw, 

Backcrossing of selected plana to the RP can be repeated 
each cycU until a line is obtained thai is essentially a version of 
the RP that includes rhc intioaTBaaed alleles After six back- 
crosscs. the expected recovery is >99% CTablc 0 

Until recently, discussions of thowovvry of the RP genome 
during barkcroiiing have emphasized the expected values (or 



Andy sis of Mol*cukr Marlctr Daia 



BC, 
BC, 

BC 4 
BC, 
BC, 



-50.0000 
75.COOO 
87.5000 
93.7500 
96.S750 
96.4375 

99.609a 
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jtfatcrlalj and methods 

The malie genome was the model for the limitation. The 
, quisled genome contained ten 20O-cM chromosomes. Simu- 
lation of crossing over was based on a Poitton distribution with 
* mean of 2.0 (X = 2) (Hanson, 1939), *hkh, on avenge, 
■enerated one ctoa* over for every 10O-cM length. The simula- 
tor s Ttponed here Assume no interference. CgdoTTiin^t fie- 
1 netfe markers wore evenly diJCribufcdtn the genome end sites 
Q [ the donor gene wete randomry as si gned to genome locations. 
Simulations were conducted wj* the following parameters: 

- Number of progeny: loo or 500. 

Bactoo&s generations: BC t> BC r and BC V 

Number Of marker*: 20. 40, 80, or 100. 

Number selected to farm the ne*tBC generation: 1 or 5. 

Selection was based on 1) prase nc« of the donor allele and 2) 
high ftltf). was calculated « the avenge of the (one or 
frve) Selected individuals- Values present are the mean of 50 
' limulatiosts. 

Results 

In (he computer simulation study, all methods modeled 

■ greatly inereaied the speed of recovering the fcP genome 
compared to the expected recovery with no marker- assisted 

> selection (compare Table* 1 and 2). At iaa« SO markers were 
required lo recover 99% of the W genome in jwt due* BC 
gCneraxioTii: (Table 2). Use of al least 80 markers and 500 

: progeny allowed recovery of 91% RP in Just two BC genera- 
riona. Rtspotue to telectioii waj diminished only slightly by 
spreading the effort over five selections* Using markers, the 

■ curnoerofbackcross generations needed to convert an Inbred Is 



reduced from about seven co three. 

By the BC, generation, there appears lo be no pnetfeaf 
advantage to using S0Q vs, 100 individuals. If the presence of 
the donor trait in the backcroJi individuals can be ascertained 
before markers are genocyped, then only half the number of 
individual* indicated In the tables will need to be analyzed. 

When a small number of markers arc u&ed, they quickly 
became non-informative; i.c„ selection causes the marker loci 
to became fixed for the RP type be/ore the re it of the geno^ne 
tsfurtyconvened(Tablc3;Ho«plcaletal^ i992),Thii*iwadon 
waj most prominent in ihc large* populations, where a -higher 
selection intensity placed more j Election pressure upon the 
marker loci. Accordingly, it is of interact CO consider how 
closely the estimation of %KP based on markers reflects the 
actual genome Composition. The combination of estimation of 
%RF based on fewer markers and subsequent selection lewis to 
bias the estimates upward (compare Tables 2 and 3) r 

The resulls from the simulation compare well with real field 
data. In a typical example^ 50£C t plants carrying the geme being 
transferred were geno typed at &3 polymorphic RFLP loci (note 
that thid corresponds to a population size of 100 undetected 
plants in Tables 2 and 3), The five, best BC recoveries had 
estimated 9fcRP vjlues of 8S.99&, 82,7%, 52-0%, &1.4%, and 
81 .2%. After evaluating 10 BC^ plants from each selected BC, , 
\hc best BCj recovety had an estimated of 94.6%- 

Discussion *" 

The simulations (Table 2; Hojplttl et al, 1092) and our 
experience indicate thai Four markers pcr200-cMehromoiomc 
is adequate to gready incrcaae the effectiveness of selection in 
the BC , However, using only four markers per 200 cM will 
likely make it very difficult to map the location of the 'gene of 
interest. Adequate summarization of data is an important 
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20 
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20 
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100 
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84.5 
93.0 
97.4 


84,5 
95.2 
97.6 
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84,2 88.0 
. 95.8 973 
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89.9 
96.5 
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90.7 

97.7 
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98.5 
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90J 
98-6 
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BC, 
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81-9 
93-7 
97.1 


ts.i 

95.0 
98-3 


Five xltcted 
84.9 ^7 
95.R "95.7 
gfi.g 9ft^ 


57.7 
955 
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96.3 
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88.9 
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88.9 
97.9 
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95.7 
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95.S 97.2 
99.3 99,5 


100.0 
\ 00.0 


99.1 
100.0 


98.6 
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98.0 
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BC, 
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96,4 
9O.0 


' 96,5 
99-8 


Fi»4 ttUcitd 

96.2 95.8 
99 3 99.1 


100.0 
100.0 


98,5 
100.0 


98-3 
999 


98.2 
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! pl/i of a marker-assisted backcroaa program. Ideally, the maric- 
^us*d can supply data thai Can be represented as alleles of loci 

- vith known map position, Eilimatioa gf %RP, mapping the 
Ration of the locus of interest, and graphical di*pUy of the 
,esiiju (Young and Tanksley, are all meful in under- 

jt&ndtng and controlling the Specific backcrou cxperimen; 

^e*ng conducted. 

ll appears that, with tha yac of gene tic marker! , Che portion 

. of the R? genome chat ts not linked to the allele being frans- 
- .ffcrfed can be recovered quickly and with confidence The 
recovery of RP will be slower on the chromosome carrying the 

' .gtno of interest. A eon«dewble amount of linkage drag is 
etpected co accompany selection for the DP allele in a baclc- 
' . ,yoJi program. For a locus located in ihe middle of * 200-cM 

^chromosome, xbe length of the DP chromosome segment ac- 

. eompanying selection is expected to be 126, fil, and 28 cM In 

■ (he BC V BC , and BC T generations, wpeeiively (Hanson, 
j059;NavcxraandBarbadiila.l992). Our observations support 
ta*recon\meDdailon of Hospital et al. (1992) that preference be 

.'given to the selection for recombinant proximal to the allele of 

'^interest, bat that selection for recovery of the RJ? elsewhere In 
the genome also be considered. Thin two-stage selection can 
probably be done Quite effectively ad hoc by the breeder orua; 
the dara is adequately summarized; however, Hospital ct a), 




PIONEER HI -BRED DSM ^03 

FAX NO. 25321B4 r ' ^ 

OF U CENTRAL LIBRARY 800$ 



suggest ways to Incorporate the two criteria Into a selection 
index such that each component of selection is assured appro- 
priate weighting* 

Useof genetic markers can greatly Increase the effectiveness 
or backenvring, arvd they should be used in any serious back- 
crossing program if resources are available to the breeder. 
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2 MAIZE - THE PLANT AND ITS PARTS 
R. Scott Poethig 

Department of Agronomy , Curtis Hall 
University of Missouri 
Columbia, MO 65211 

One of the greatest deterrents to an .pprerfjti on of P«^» 
the terminology used to L f "^^of £ relate ly' unusual'structure^ 
compounded in the case of maize ^causeo composed of stems, leaves 

We all learn that plants have a ^ff«tauve ooay P and stamens , 

and roots, and that flowers ^^f/f/^ two , 

Maize, however; has at ^ ^ whfeh glumes, lemmas and paleas 

kinds of roots, and two fcmds ^fjf^^^ly, these parts 'are arranged 
take the place of sepals and petals. *°"un > , • ize morp hology is 

in a relatively simple fashion, so the task *» as « ™ft identify some 0 f the 
not as difficult « *f "g^^^p 1 ^^ describe" their organization, 
most important parts of th ^ f developmental morphology of nrthze have 

More detailed descriptions ? Riesselbach (1949, reprinted 

been provided by a num ^. of maize s rupture and development. The . 

1980) gives a good *»™ral picture « ™% \ he veget ative and reproductive 
external morphology ^ Jhe Justotoffy ^ tne & ghannan (ig42) and Abbe 
shoots have been studied by Bonnett (1948 195 6) a v ^ 

and co-workers (Abbe and Phinney , 1£J. £ e ^ s f^ andolph (1936) 
comprehensive descnptwns of *^ b £°SJ n ^fhistology of the . corn plant , 
^"Vs^S i^^biTrSrtoted in the recent edition of Corn 
and Corn Improvement (1976). 

it is helpful, therefore, to see it m > 1 "'"' es5 I ? a '!^ I 5 fem or culm, is. a 
naked, the n-aize plant is not very ■"Presswe ste . - Th£ 

slender, segmented shaft simiar to ast^K « »™ ^ of i eaf attach - 
enlarged joints along th VJw~n nodSf^ca-tod 1 the towrnode. Each node 

a^r,e^^ e r P o b =p^^ ^ .. 

2!c525 l ^ * SfleaUe appendages, 

wherever they occur on the plant. 

t»,or, hi<PKual flowers. Male (staminate) 
Maize has unisexual rather than ^sexual^ nower^ a 

flowers are located at the apical up £ *%£™ s *™ found ^T^e to 

^^r^r^^ ^ s « ZTt branches ' near the ^ 

of the stem (Fig- lb r 2). 

This partitioning of male and female Howers in t 
distinguishes ^f^ M ^tlv exploded Making" controlled 
that its genetics has been f° f 0 ^" 6 .^' ^ that involved in placing 
pollinations in maize requires little » or ' 3 controlled pollination in 

! bag over the «ssel and ear shoot. To perfo rj » ~ ^ each 
rice, wheat, barley and other cereals, 

Appendix C 
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tlower used 3S . P- t , an especial te.ous ** — «<* — 

yields only one seed. 





B 



basal end terminates in the P W jwt U , 
arises from an internode near the center oi 

Maize also differs from closely related apecijs to that: * ^rriatwelj 
few branches. Only the lower 10 to 1- * suppressed . Above ground 
branch primordia, and most of these rem ^ subterranean mt er- 

primordia develop mro ear shoots ^ m struc ture to the mam stem 
Sodes develop into ^f'^f^ 9 ^ ' generaUy tiUer very little, and 
Commercial hybr.ds (except Jjeet c; 3 ™ q g In contra5t , some "varieties 
^nSe^al L^er?"y produce 2 ears on the «*n ste. and 
some ears on tillers. 

jf^: Darin* th. ««« ^^VyS^SSS^ih^plSnT^S 
point of the stem lays down all the ^ nodes a formation ll.e stem is 

Ir^"^ ^hL^'^n \nWh t„e pta, «y be 3-4 feet » 
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height (F*. 3). Subset £ ^fl^* 

ground where ^^^J^X^o^^', fom"* a distinctive 
interludes taper sharp y towards the base of ^ , ^ ^ 

region, the crown (Fig. lb} . lfte "f" rassel A11 the mternodes from 
grfund, ^d tapers graduauy to^ the axmar ^ bud 

and are smoothly cylindrical. 



- centra 3piH9 



mala Ucti 



K^.i&,N first order 





Fie-ure 2 The major parts of the maize plant. Drawings i in part from P. 
Fl ^ re2 " ieatherlax^ Corn and Corn Improvement 1955 . and E D. 

Styles et al. in Can. J • Genet. Cytol. 15.59, 1973, ti£ure 

assembled by M. M. Johri and E. H. Coe. 
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The stem of an -.shoot called ^^^l^^A^ 
xnain stem in being relative^ short w most £ gh an ' d size> and 

nodes of the shank Secondary ear . shoots 

tend to have a crinkled ra * e ^ tha T ? s ™ ° 5 of mai2 e, but are rare in most 
SSl'ftrrSXSS 31 ^ «« is prevent. 




right, the stem is still relatively short at this stage. 

two spikelets, one ^nHBiy stem (|^g^e duces two func- 

( sessile) (Fig. 4a). ^*L%*ilw^'&* stains and a pistil, the 
tioliiTFlorets . Although UsaelftoreM co initiated, making the floret 

pistil normally degenerates soon a^er 11 h base of the taS sel 

functionally male. However, ^l^^^J^on^ and are quite 
under some environmental and physiological 

common on tillers. 
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v ^ „ a thematic drawing of a pair of tassel spikelets (A) and a pair of 
Fl gure 4. Schemauc drawmg P ^ ^ floret ta the ear spiketet 

Sort S s P *ari? development, p.s - P^f^***; 
sessile spikelet; gl - glumes; le - lemma; pa - palea, fl floret. 

At u D „ wat^ri between the two florets (the paiea ; ^rig:.. ^l. «n , 

other located oetweeii uic , spelling; of conical structures 

da^lfdoSrds; the aifthers shed pollen from openings at their tip. 

Pollen grains are the multicellular products of the haploid microspores 
that result ESTthe meiosis of a microspore mother cell (nucrosporocyte). 

sheaths After ^«°* 1S » J [hick w!u Shortly before shedding, each 
each other, ^^J^™^^^" The first division is asymmetric, 
microspore un^ t^ mitotic d^o sma Uer generative cell. 

S^tcrndVv" cell dzvides to fon» two sperm cells. 

Thp Mr . Th e -ar is morphologically similar to the tassel although this 
T^felFU obscured by differences in the relative size of their parts. 

arrested at an carry * L *5 fw*t a <;inP*le ovarv, which terminates m an 

F?»f-h functional ear rloret nas a smgie uv<*i jr,? 
tuUy. £,acn i uiu-liuhcu ^ within the ovarv is a single embryo sac. 

the meiosis of the mega jpore ^ther^ell. ^Ue duce 8 h loid 

53?^.^ £v5f£?£ srs^--^ sr^s 

^^.^ ¥h.V5: SS2T a. 5« base o, the »„r». »c 



Received from < 515 334 6883 > at 2/28(03 1:44:35 PM [Eastern Standard Time] 



02/23/03 FRI 14:0 4 FAS 515 334 6383 



PIONEER HI -BRED DSM 



21075 



14 



antipodal cells . 




Fisure S. Radial — ta al tf •".^^^S^J 

TdiSS bTtt -Pa^i e*b?yo - and th 

The ear also differs from the tassel ta jl°,T JSSS 

branches. Its thick , UgnAed the cob . £ .£ ^f^^, but in 

STear'they StU" ^ |£ ~ l^nTber ^ranef'^s 
S^SS trneifecS S^vi?^^ on th? cob. The 

number of rows (or ranks) of kernels ranges from 4 to 30. 

The Slutaes, »- ? h T enlar^- 1 oT^"' 

in an unfertilized ear, but arc > soon o^cured bj tb . represented 

S^.'SSf'MSiW. » an? the base of the Kernel after it is 

shelled- 

Tbejeaf: Maize produces three kinds £ ? ^ ^ ^ 
leaves , husk leaves and E r°PW= - A "healed on the shank of the ear 
?h1ot -d^proTyrsTre ^Tt^lsTo, the shank between «h. ear 
shoot and the stem (Fig. 2). 
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T , e fn ,, ar leaf has two distinct parts«the blade, a flat portion ex- 

which it is attached and may extend the entire ^th jr that 
During the early development of the plant * he ^ * b "£. 8 P 17 t he bound- 
the mechanical support necessary to keep the n Stinct hinge of translucent 
ary between the blade and tte ^^^ d \^l B Tn^ ^rply . 
tissue. In this region, the leal ^aoe an translucent tissue 

forming an indentation in the leaf ™ r f^'™*^* e *£ e w^ie is the thin 
adiacent to this indentation is luiown as the a uricle . ine ugme. 
collar of filmy tissue located on the inside of the hmge. 

Th» hi^k leaves surrounding the ear are usually considered modified - 

contrast to the leaf sheath, husK leaves are i * 
husk leaf is attached to a unique node on the shan*, 
upper ones are arranged distichously 

internode, leaf and axillary bud. 

The root More is known about the growth, cell biology . Phy^gy 

SelbUV^; Jw^7 roots ^ c f S -U« T ^teTLbL? e thr^e; 

ma ximal 4 mm from the tip ^"f/^^f^^^el should consult Silk and 
meters ?hat must be taken into consideration in such studxes. 

The primary root represents the ^ end of the P^-^J^ 
maize and other grasses contributes relat ively ume ^ of 

system (compare la and b • °st Memodes of the stem. The 

adventitious ro 0ts prod u^ ^ ^ emb 

primordia of a few adv en £ u ° u * 1; . aHon New root primordia are subse 

TuJr^T,^: ^IJ^ZrjL Internes, and a,,o appear 
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a ^t,rn^M after the stem has elongated. Sub- 
toIS"«d above ground are known as brace root s.. 

much as 6 feet. As it grows, uw ' 1 . _ oots unicellular root hairs. 

^r t o^n^'o/ro?fy^ iTSSJ.'SSt bas b«n estimated to b. . 

miles 

uXtunaSy! d uU y rasSc r turai ? Ration about this pbenorcenon . „ .nil 

unavailable. 

in ^ 0 i^ rtCP it^ entire length. Within 5 minutes 
" The silk is receptee : to JS?? mE? which penetrates the 
after a pollen grain lands on a silk ^ sen as ;ou hi process the 

silk and grows downward fr toward * ^^Srate to^e tip of the pollen" 
' vegetative nucleus and the ^^'^1^ reachSig the embryo 

• tube where they remain throughout its o7t ne pollen tube bursts, 
sac, 12 to 24 hours after Be™nat«m the * P two lar nuclei 
releasing the two spem. O n P nn nu cl S ^ C JJ cell that gives rise to the . 
in the center of the embryo sac to rorm a p nucleus to form the 
endosperm. Th< . other ^sper* ^^^^clef 3f the egg nucleus are 

the endosperm and embryo when the male parent is netero ys 

1 * ~e >*mfl following fertilization has been described 

The development of the ^^^J^ here that this process takes 
in detail by Randolph (1936). we ™ m * ^^ase in the volume of the 
40-50 days and is accompanxed by a 140C ^ "jcr^ ^ o{ food 

• reaves S £ ^e^dofplr^ is°com P leted bj about day 40, and the remammg 
10-20 days is spent maturing and drying. 

embryo (Fig. 6). The pericarp, xne therefore g-enetically identical 

generation - 

i ~ - Q -K,w rr9- of the weis:ht of the kernel and is 
The endosperm makes up about *j**™™"f* r it germinates. This 
the food source for the embryo for s^™ 1 ^| ^protein bodies, and is 
food takes the form of mtracellular sta rch grains an p endosperm 
concentrated to varying degrees in ditfere ^ £™ £ n of starch and 

(Duvick. 1961); In ^Teriphery of the endosperm than in the 

protein bodies is higher around Per^hery and a ^ 
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characteristic of specific races of maize. Other common endosperm traits 
such as sugary, floury or shrunken, are single gene mutagens and can exist 
in either a flint or dent background. 





Figure 6. Longitudinal sectors of a mature dent kernel, taken perpen- 
dicular (left) and parallel (right) to the upper face of the kernel 
(after Kiesselbach, 1949). pe - pericarp; en - endosperm; al - 
aleurone; sc - scutellum; co - coleoptile; pi - plumule; ra - 
radicle; cr - coleorhiza. 

Much of our understanding of gene action in jnai2e is based on the 
analysis of genes affecting the pigmentation of the external layer of the 
endosperm, the aleurone . This specialized single cell layer is the only part 
of the endosperm capable of becoming intensely pigmented. Internal endo- 
sperm cells may be either yellow or white. 

The embryo is located on the broad side of the kernel facing the upper 
end of the ear, beneath a thin layer of endosperm cells. Most of the tissue 
in the embryo is part of the scutellum, a spade-like structure concerned 
with digesting and transmitting to the germinating seedling the nutrients 
stored in the endosperm. The shoot and root axis are recessed in the outer 
face of the scutellum. In a mature kernel, the shoot {plumule ) has 5 to 6 
l<&f primordia that are arrested at successive stages of development (Abbe 
and Stein, 1954). Surrounding the shoot is a cylindrical structure called 
the coleoptile. Upon germination, the coleoptile elongates until it is above 
ground and "is then matured by the more rapid expansion of the rolled 
leaves within it. The "root is enclosed in a sheath of tissue called the 
coleorhiza. Unlike the coleoptile, the coleorhiza does not elongate very 
Euch — and gives way to the radicle as soon as it emerges from the seed- 
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ABSTRACT 

D'^mln.iriun oF parentage is fundamenal to the «udy of biology and to applications .such ns the 
identification of pedigrees- Limiiaiions to stud-* of parentage have stemmed from the wc of an insufficient 
number of hvpen-ariable loci and mismatches of alleles that can be caused by mutation of by Laboratory 
error and that can generate False ^elusions. Furthermore, most studies of parentage have bern hmued 
to comparisons of small numbers of specific pa.cn progeny triples thereby precluding large-scale su^s 
of c^ndid-are* where there mav be no prior knowledge of parentage. We present an algorithm that can 
determine pmbahilicv of parentage in cireumscmees where there is no prior knowledge of pedigrcc.aiid 
that U robust in the face of mi*ir.g data or mistyped data. Wc present data from 54 nuuzc hs -br A ds 
536 maize inb.ecU that were profiled wins 19* SSR loci including simulations of additional levels of 
missing and mistvped daw to demonstrate the ^tilicy and flexibility of ;hi.s algorithm. 



DETERMINATION of parentage is fundamental to 
the study of reproductive and behavioral biology. 
The increasing avail abil in of highly discriminant ge- 
netic markers For many diverse species provides the 
potential to uniquely characterize individuals at numer- 
ous loci and to unambiguously resolve parema&c where 
genealogical relationships arc unknown, in error, or in 
dispute. 

Identification of parent-progeny reladonships in wild 
populations of animals arid plants provides insights into 
the success of various reproductive strategies (Ell- 
strand 19S4; Smouse and Meachir 1994; Alderson 
et at. 1999) and hAS allowed for the implementation 
of management programs to conserve genetic diversity 
(Miller 1975; Rannala and Mountain 1997). The 
association of pedigree with physical appearance or per- 
formance in domesticated animals and plants allows 
parents that have contributed favorable alleles for desir- 
able traits through selective breeding programs to be 
identified (Bowers and Meredith 1997; Sefc et a£ 
1993; Vankan and Faddy 1999). These applications of 
associative genetic* facilitate Rirther progress in genetic 
improvement through breeding. Establishment of par- 
entage i5 also useful to secure legal rights of guardian- 
ship in humans, to help protect intellectual propers in 
plant varieties, to validate breed pedigrees oMomesti- 
catcd animals, to protect stocks of fish, ancl to identify 
provenance of meat that is Available m supermarkets 



■Cu>TVSy>nilir,t HU:l<Df. " rjfp.ulnir.-rit iA BluM.UlM U ■ 1^ L'nivervM ol 
Tcv:is M. D. Antic i son f",i-Kr- (Vim-f. IM.i Knl: jmhc ftlvfl. B..\ 
-447, Hlm^loii. T"X 77W MOOii. F.-m.iil: d*K\ ^ .... i(U:>./^ «> l > 
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(Gotz and Thaller 1998; PniMMtft et al, 2000; White 
etal. 2000). 

Most studies of pedigree have milued exclusion analy- 
sis where the molecular marker genotypes of cither one 
or a restricted number of potential triplets of offspring 
and putative parents are compared. Often the idf riritv 
of the mother is not in quesdon: the maternal profile 
is subtracted from that of the offspring and the deduced 
paternal profile is then compared with candidate father 
genotypes (Ellstrand 193,4; Hamrick and Schnabcl 
1985)'. Endividuais who could not have contributed ihe^ 
paternal genotype arc excluded; the remainder are pos- 
sible parents- Nonpaternity in humans is generally de- 
clared only on the basis of exclusions cxhibited-by at 
least two unlinked and independent loci. This criterion 
of exclusion reduces the likelihood of a false declaration 
of nonpaternity on the basis of marker results that are 
actually, due to mutation within the phytogeny. Bein et 
oL (1998) show that evidence of nonpaternity should 
require exclusions at loci on different chromosomes to 
avoid erroneous conclusions that would be made due 
to nondisjunction at meiosis leading to uniparental in- 
heritance. A requirement tor at least three independent 
exclusions to declare nonpaternity in humans has also 
been instituted (Gunn et ai 1997V In .studies of natural 
populations of animals or plants where numerous pnr- 
ent-progenv triplets arc examined it is usual to accrp; 
a single exclusionarv event as evidence of nonpaternTrv 
(Marshall et ai 1998). Patemitv testing has been ex- 
tended to situations where ONA from cither parcm -.s 
unavailable. For example. paternin, can still he es -.sh- 
ushed in circumstance where the putame father de- 
ceased but his pare nLs are still alive (Hklminkn 



Appendix D 



02/2S/03 FRI 14:07 FAX 515 334 68S3 PIONEER HI -BRED DSM 11081 



> i 1 



den'.wnstrau: that paU MiK-. i .in he cU ien:ii!u:a in ca.M. x 
where chc mother i> tm.rs .nl-ihlu to: tx-imt;. Lani. ti 

d'.iy:^ paui./.l ; Kv:i>;ti.itnl :lu- DN'A pp*i.:«.- 
,ni>sir- cruodiic pareiu -.^inu [M'^il- "f the nv.du i 
and progenv- 

Cmakr.\burtv w f f /. : and SMCit.sv. and Mi.at.i-k s- 

(1904) report that reliance upon e\clusa>n alone ha> 
usimIIv failed to unumbijfuoLish resohe paternitv. lamh 
rations have stemmed From the use of an insufficient 
number of independent hvpeo stable loci. Other suiris- 
vica! methods arc therefore required to calculate the 
likelihood of cnv.ernicy far each nonesdudsd male 
{BlRRY and GtiS^R 1986; MtACHtR 1986. M^chek 
and Thompson- 19S6; Thompson and \t s.ac hi-.r 19$7 ; 
DtvuN rta/- 19SS; Berrv 1991) . Marshall. *i (199S) 
draw attention to the quality of data that is encountered 
practically in genocypic surveys. Maternal genetic data 
mav or may not be available, data may be absent for 
some candidate: mates, data mav he mis.Mu- for some 
luLi in some individuals, null alleles csist. and r^pin? 
error, occur. Recond ucting or validating L he pedigree, 
of varieties of cultivated plans nften provides additional _ 
challenges because their phytogenies can reveal appar- 
ent exclusions that masquerade as non-Mcndelian in- 
heritance. For example, apparent exclusions can occur 
in circumstances where an individual is used as a parent 
prior CO completion of the inbreeding process. The de- 
velopment of parent and progeny then continue on 
parallel but separate tracks thereby allowing the possibil- 
ity chat alleles that are subsequently lost through in- 
breeding in the parent can sdll become fixed in the 
progenv. It is also possible :o create many offspring from 
a single mating and to use ihc same parent repeatedly 
in "backcrOS-sing." Therefore, many individual inbred 
lines, varieties, or hybrid* can be highly related- In con- 
sequence, there are numerous (and often verv similar) 
pedigreed. The effective number of marker loci that can 
discriminate beLween alternate pedigrees is proportion- 
allv reduced as parents .ire inueasiugly related. Come- 
qucntlv. inbred lines can be more similar to one or 
more sister or ocher inbreds than those inbreds are to 
one or hoth^of their parents. 

[t has not 'been usual to search among hundreds of 
individuab to identify the most probable maternal and 
paternal candidate? for a specific progeny. Most studies 
of oarentage arc in circumstances where there is a prit.-n 
information for at least one of ihe parents (usually the 
maternal parent . Limited availabihiv of marker loci and 
the lock of verv high-throughput geni'L\pniir svMems 
otTer-n- mespeT^ive datapoim msi* iti.iv- h.we focused 
research on studies thatinvohc relanvelv few individuals 
ar.tl 'Ai-.ere there is at leaM xuiil- >i bn->n indication .»t 
p.i:e:ua'^c?- Studied that ha%e been i nm:nc:ed. without 
?}.;f<r 1 1 1 t'i j i * ! I a L i '■ Til on pa:vu:;iye nn hide sp"'V.o •.vit.rc 
l<; p,,,ai.LLvc behavior iv:ii ! .riN idem :tu ai u .n u\ rh _■ ina- 
rm, .d ^aieut di:ticuh uupt'*Mh*f Fa.iii-p'- n aiLlu;it: 



undertaken nn brtU thar pta< Ui e !>:'>■ >h parasK- 
.; Ai t>r ]ist)S d ai VMi\* } i>\ c\t'a-pai: copulation 
;\Vk rro\ ei ai UJU-) or on speues Mirh a* the. wombat 
\\\.\: are ditiualt U> oh%t;*ve i:i the ^hd ' i AVI. OK >'£■ 

T-.\o circumstances hv.or a rt.-.iseC approach to tne 
stauhtical analysis of pediL T i"fe. F-At. m-leCalar marker 
technologies are rapidh de'.elwp:ug and will allow nu- 
merous loci to be typed for thousands of individuals 
rapidly and inexpensively- A greater number ur.cUlhcr- 
sitv of larger-scale studies of perligree can be expected 
within the plant and an-mal k::iL, r f l'»n> inchirh tv^ ind^ul- 
uaN m which there is no prior knowledge of pedigree. _ 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follows: . 
Procedures that are efficient and robust in the face of 
apparent exclusions, missing data, and laboratory error 
arc required. 

Tne purpose of this article is to describe and evaluate 
a methodology that can be med to <iu-.u ■ ti fV the probabil- 
i:\ of parentage of hybrid ge:io:ypt-,. focr.^on par- 
etUage because it is theprunaty focus of pu bashed li:r.ra- 
tv.re and 1: is the easiest level othmcevuy to understand. 
The method is robust in the face ot mutation, pseudo- 
non-Mendelian inheritance (apparent eKclusioiii) due 
to residual heterozygosity in parental r,eed sources, rniss-^ 
ing data, and laboratory error. The methodology has a 
number of advantages: (i) It can accommodate large 
datasets of por>sible ancestors (hundreds of inbreds or 
hybrids each profiled by >100 marker loci), (ti) it docs 
not require prior knowledge about either parent of the 
hvbrid of interest, (iii) it does not require independence,, 
of the markers, and (ivi it can successfully discriminate 
becween many highly related and ^eneucaiN similar gc- 
norApes. We demonstrate the effectiveness of this ap- 
proach to idcncify inbred parents of mui/,e {Zea may. 
L.) h\brids. using simple sequence repeat iSSR) marker 
profiles for 34 maize hvbrids together with their parental 
and grandparental genotypes iiiduded among a uOial 
of 586 inbred lines- The methodology is npplieable to 
the investigation of parentage for all progeny developed 
from parental mating without ^lib-sequent generations 
of inbreeding. 

MATERIALS AND METHODS 

Algorithm: Consider nn inde^c hvbnd ^hose parentage is 
unknown or in dispuLe InrTreds in an A\-;ulal>lc database _are 
^is.Mhle ancestors of trie rnbnd. T'ue uhjc-rhve is to find iht 
piv)h tl hiii:iei of closer ancestry for eat h inbred on the br.s;s 

int'»rm;itit>n front J?Sro from the irtlr\ h\bnd arid 
inbreds. There ; .s no rrr.sor. :o trim ihe djtana.^: by re?r.C^ 
li:1> r-ris thought to W Linrrlacet: u» :he :iuit \ hvbrid becii'.ie 
:lu i* lac'< «f relationshi'j lie rliwwc red. 

C;ti>ider a pan uf |j«>=i.hk a.HLvM^. inbird ,' aiul >•'-' 
r-.nv norhm- ^.r-i. [ .ibmi: p;.i fit u.ar pair all 

...hi < .s\X :>r I reared nn.a-A . The - 11!^% n^'iws f.i^.ula $ 
iIh pr.>h.ibta:v C\ xt \ mlirt. rlN , .\n-A ■ are in if:-' :i\hcid'> atuer-.t-- 
m-|mvjiu'_' Mi' .ill n.i.rv ■ >t nl»:-.;Uv in :rn- (ia*;;:\iM*. 
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IU h,.,!> m| t!i k - 
I'.t'.'ri i . L.r: P ■ H>SK- 1 
■ha- / a: u I , are a'u >'"* 

"'.he wtrh-us SSK>. I .* - r Pi;. i\ sr.'.r.r: tor tin inn'- 1 ■ 
uf the si\:m* of.n. hiu>U, 

>h ..oi'H". "f rhr -t'lv SS1\ 



Maud Uu tin I [>i»U-i i< pr 11 ' ! r " 
.,t ri'.f index :i \ hi id - e : i : in ■ i nt ui : na 



tK.-uu (<»r pri*>' , . 
P'.^Nr*o '. '1 > * h r pr 



res a it* ii. fact /and; -ii =* *a.vcsturs. b^es rale .<►.•>■■» 
Pri. ,'i$5R>> * P'SSi*-- ■'. :* P:-\ /! I[/ J 'SSR> ■ " ■< P < :•]. 
where the sum in [he denominator is over all pairs of in ' irccU. 
unused bv ii And i- PuSSR-s .<. ;» < P(t. ;> is one o: the term- 
in the denominator, (To compute the deronim.:- or in tra- 
above expression, fix a particular order to the mbieds me 
database 'auci rake 't < i'in expressions iPAolvin^ the pair 
v). II :hcrc arc 53b inbrcds, Eb: esample. L^cn the number 
of pairs and the number of teims in the denominator is 
536(537)/2 = 171,991.) Inbrcds i and j may be parents or 
grandparents or other cspes of relations or bear no relation- , 
ship at all :e> r -he hybrid. If there are more than two anccsrois 
in the database, such as both parens* and ail four grandpar- 
ent, then the possible p^lrs involving these ancestors will 
generally have the highest posterior probabilities. If the hy. 
brid's 'rue parents are in die dacaba*<r, then at a pair tho will 
tvpicallv have Lhc behest overall posterior probability, ll h-.»(h 
t "'a. i.e. j hopper, to be re'rued to one particular parent ci V'- 
hybrid, then as a pair their posterior probability "ill be low 
because they will not usual h account for nunv of the al!cle> 
chat ate contributed by the other parent of the hybrid. 

U'c .vail make the '•ncr-prior-inforrnatioir assumption that 
P(h, v* is the same for all pairs (u. v). This implies lhar ih:s 
factor is cancelled from both numerator and denominator m 
the above eNpressiOn. giving: 

P{i.j\SSZs) = P(SS&J/.;VSPfS5R.slii- 

The problem is then to calculate a typical A 1 -^umct 
inbrcds i and; are both ancestors. We calculate the probability 
of observing the resulting hybrid under this assumption. We 
make no -as-suniptions about relationships among the Miiou* 
inbrcds. Other possible ancestors wall be considered impliciclv 
in the calcuhrJcm bv allowing :he;r alleles :o be nu:cdu,.-d 
through breedings wiih ^nd j. Houcwr. the nature ofsnrh 
breedTi\j?s is not ipcr.incd. Suppose inbred alleles are {r.. 
b). Each descendant of inbred i receives one of :hese rwo 
alleles or not An immediate dcscendaiu receives one mth 
probability I (barring mutations). A second generation de- 
scendam receives one of them with probabilirv ().5. .Ajid ^o 
on. Sr.\tc decree of ancestry (if anv) is unknown, we label ;he 
actual probabihrv of passing on one of ihese alleles ro be P. 
SimilarK-. 3 n allele from inbred j has been parsed do^Ti to :he 
hvbr.d or not, and the probability of the former is P. In the 
following, Pwill be taken to equal 0-50, although will also 
considc- P = 0.99 in ^cme of die calculations. 

Assuming P - 0.50 is consistent with the closest ancestor* 
in the database being grandparents. However, wc are not 
interested i:^ grandparents prr ac If the closest ancestors \\\ 
the dj-^basc were parens, then -m indicated above P should 
equal 1 'iunonn^ rnu:ations and laboratory errorsi. Our pri- 
ma^ ^nccm ..s when :he parents are not in the dataha>c In 
thiscLLse Pvs no greater than 0.50. .^.sumin- P= 0-^ is rohu ; - 
over rhe middle range of possible values uf /*. Oik ^v-.v. m 
which -i is ; obi. 1st is if' there may he niitrarior.c .md : jbor.- 
crrrjtN in u'n'ich CMC P would ha%e to he <1. Ta^n^ Pro 
cq,::i! " - •> le■■le^ little pe\ial:v ajcam.st a pa: -.a uki; pj:' !" ^in'"h 
tl:c*'C ^ -n jpp-'.T-eiK exclusion fvoni dirn-i p.itv i tt.'.-r Tiiere- 
f OIt - L "\ (J h*. <1 iucuua (liar ;i' the" "-l-.c- pa:t-n;> , m 
^.. t . :; . ; i.,->,>e thr-n rht". ^ - ill "uk ruled <m>[ i* ih-n- a.iiv^i-n 
(tf nr ..^r.i:d \Ah< ,^i<>r> rrv<>>-<. Ant: .f tlV' .-,u-. e- 

lor- -'"t* L'.t.'.^a<e are rno:e renuur th^M ^-.uidijan ri:r*. 



l.^rK be id.i-.tilu-d '>i^.n.i li.rv '.v. 1 ! ;:mhIK ha\i- 
: L "Ai u ii'JiiiK.rcrif'* i:t ;hr '.inc> iiu'v.i'.: it f I 

Wlur. /ar.d ; a it aucc^toi'- dim jil- tunr p< tsslbi'.-.l icV i I 1 
Th.c allele- of ho;h inbrcds - and / .vcrr passed to ;hr fi^bivl. 
;-_'] ini)i '.■('. r came d'rou^h ht.: r.i:i. .i;hrtd /. (.1.1 inbred / 
rafie rh: 'K;^b hi.! ■ m >r inh; -r; ». ir.u ; \. nri:hcf irhri-d -a-v<- 
ti.rou^h. .\i>umLii^ :m!epe:iL : .e:i.a;. ->.. >e na\e -especav-c pr-j'>- 
jbili;;c- P". P».l - P). P ; - Pu H - P". In the ca^e P - 
0 *Ti. fill of'these probabilities equal 

A: - . i:iita:ice Of the law of total probiibiht) (Sec. 5 J BkRRV 

109*5; that the probab Ii;v of obser-itf^'a hybrid'5 alleles ;s 
the a\er-a$c of che condi'donul probability of this event ^iven 
che above* four caics- The 'simply: of the four cases :s the 
nrsi r.:jiiib.u r .v: .A-sjiuir.in^ the h\ hi id's allclo'are pas-sccl du^ '' 
di;-cc:.v from both reds'* the prooability of oi>se^ir.g die 
U-.bf Ur.i gena^pe i3 e:ther 1 of 0 depending oti whether :he 
hybrid shares both mbreds' alleles. (It is especiaily cosy when 
both inbreds are homo^gous.) The other three cases require 
at 1 : assLimotion regarding the pnvi»bi!lcy that an inbred s aile;e 
is not passed to the hybrid but »s interrupted by a mutation, 
a laboratory error, or intervening breeding- We regard such 
an nllele being sclectex 1 . from all knonn alleles wich probabil- 
ity 1/ (number of alleles u where the number of allele? is the 
total inimbe: of alleles ';;i0^n t<> c^i^ aL d:c loc^s in quc->;.oi' 
Ar. ahernative appiOa-lh uould (O use the allelic propo;- 
tu':i> arc proimt :'ne da-i^a.se (or in ar.othef dainba^r). 
However, the lines in :he daiabase nun not be randum!;. se- 
tec;cd from any popular.;?:*. For sample, a Ime that hz> -Jtcn 
hi^hlv used in breeding weald ha^e mm\v derivative tines m 
the database, in which case the Frequencies of i^s allele* '.m11 
be artificially inflated. Ai.Hitnmg equal prnbabililies for the 
various, alleles a: a ^iven Tocus :s robust in ;he .sense t.har it ia 
not affected by abiding and dropping lines from the database- 
There arc many casc^ r .o consider . when enmpudn^ the 
probability of obser.ing a hybrid** alleles, depending on :hc 
7vgos;cy of the hybrid and the inb recti, and allowing for the 
posstbilicv- of missing alleles or "extra alleles" in the assessment 
of the hybrid and inbred "genorypes. These possibilities are 
too numerous no list. Instead wc give three simple examples. 
All the examples haye homozygous, hibrcds. the mos: conur.oil 

case. And en'rh of rhe :hrcc hybrids has :wo silkies, a^ain the 
most common case. Uc suppose that the measurrd alleles ror 
three SSR* and a particular trio of hvbnd and ancestor inbrcds 
are OS we hrrve indicated in Table I. 

For SSR 1 there Ve three known alleles, one in addition 
to alleles a and h chat are listed for the three lines (hybrid, 
inbred *. and ir. bred /('in Table 1. for SSR - iiid -SSR 'J 
there are two known alleles in addition to those listed. The 
calculations in the right half of Table I will now be explained. 
Implicit in calculating P{SSRU,f) is the assumption— required 
in both the numerator And denominator of Bayes' rule — that 
inbrcds i and ; ere ancestors of the hybrid. Consider SSR 1 
In case 1 above, both ancestors' alleles (as measured bv the 
laboratory orocessi arc assumed to pass to che indes hvbnd. 
and so in this cru,e the hvbrid is necessarily ab. The probabihcv 
of obsen-ing the actual hvbnd's ^enoc^pe :s I for case 1. ns 
shown In Table I. In ease 1. we assume that inbred d allele 
passes to the hybrid buimbred /sdoes not. Indeed, the hvbnd 
has an n allele. The prohabiljrv of observing J h a-S the ochev 
allele is l.'lnuiyber <>f alleles') - I S as shown in Tabic 1. 
Caitr ?> is simear In case 1. neither ancestor allele i$ p:KSed 

to the h\bnd. the -y ubal>ilitv oi"ob>tiMn» :he inbr'.d's ^eno- 

tvpe .or a:iv he le: 'or ■ -f : ' ^ ^rut>n.-pr) is l 2( I Vn I ■ 3 i ^ - L> 
>U! ^ C l> = .>..-i\ :ne - c.-a.l "i;n::..»:i« litio-va! ) pvoijabiurv in 
,'ij/hiinnvi column . r ^ :hc simple CMr-A^r .>f ;h-' huu 
fa^t"*. as ; :ulu aLf.'. i: ^ "■?">'■'.■ 

Fur bM\ - a".<.l [ h^' calculations an* mi :.tt . Fnr 

I* there i> vniiit c'wu.-ir- itj:ii:isr pair . i >) hei:ie .U'LX^' 1 ^^ 
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I> V l •» 1 1 * ' 

table i 



Probability of obscuring a hybrid's aik-lcs usu^ three sample 5$K-i and four po»ibl« comblnado.t.s (cases) 
of alleles passed, assuming lh«( inbred* 1 and; ar« ancestors of the hybrid 



5.SR 



55 R. M"i|;!c .ictiiieiKC repeat marker pr:>P-V- 



bah. If. . -f .b^ imii;: 
hvbnci's genorvpe 



olkU:, "Hybrid Inured,- Inbred ; i. / 



Case .> 
1. / 



C\:Sf i 



1/3 
1/5 
0 



1/3 

0 

0 



2 9 
2. 15 
2 36 



probabilit\ 



17/36 
2 1-V4 



but it is not conclude. For S5R 3 there is ever les* evidence 
favoring pair U woidd not lake many SSl^ with evidence 

similar to that for S5R 3 to essentially rule out this pair- 
provided that other pair* are nor similarly inconsistent.. 

To find the overall flSSRsli. j). multiply the individual 
/3'SSRI," ( i) over the various S?R^- There are puroh pmp.:^- 
tlonal issues to addict. Ench J^SSR r.j) is a iilimiJtT b'.'^scfii 
0 and 1. V.ncr. there arc a (peat ir.auy SSR-s. the pvoduc; ot 
these number will be crushing!*- small. To lessen problem* 



with comparator. ;>! underflow, fnr e:u:h SSR 



llllljph 

the 



fVSSRIu, u) bv the same constant for each pr.ir {a, v) 
invert of :he largest pnssibie such probability. For example 
since 17/36 t s the largest probabilic>- for a heterozygous hybrid 
at an SSR having three alleles 'as is the case for SSR 1 in 
Table 1), we mulnph all factors PiSSKl u, v) by 3*5/ 17. To 

rlirninste remaining problems with underflow, we do ralcula- 
liuns -osing logarithms (adding instead of tnuluplwn^,) and 
take antilogs at the end- 

The probability- /^bSRiw, v) ii calculated for all ia T v) pairs 
and summed over all possible pairings in the database, includ- 
ing that for the In bred pair under consideration: UyV This 
gives the denominator in the expression for Pf*. ;'55Rsi 

To determine the probabihcy that any particular inbred. *ay 
inbred «*, is the closest -ancestor of :he index h> brid, ^um 
ftSSR i. v) over all mhreds iMvith v =/ «. Call this Pf:!S5F^i. 
The maximum of P(rlSSRi> for any inbred / is l^Br.t sir.ee 
there is one closest ancestor on each side of the family, the 
Slim of/ J ( j'SSRi) over .ill inbreds < Li 2. If there is a parnenh-r 
pair U;> for which rV, yiSSRs) is close to 1 then both P'/SSE^ • 
and P{j\SSR&) separately will be close :o 1. 

S5R data: DNA was extracted from 54 maize hybrids ^-d 
■from 5B6 maize inbrcds- Ail of '.he hybrids and must inbred* 
arepropnetar. products of Pioneer Hi-Brcd liuernauunal; 
some important publidv bred inbred lines were also included. 
The inbrrd parents and ^randparencs of eat:h hybrid urre 
included within the set of inbrcdi. Other inbrcds that were 
geuor.pcd include many lhat nre highly related bv pedigree 
to pare: iii and grandparents of the hvbndb. The hybrkl* were 
chosen because each ha* a pedigree that is known to us and 
collecrnek ibxv repirseiU a broad array of diversiry nf m.iize 
gcnnplastv. tVat is uH-rentlv -rowii in the United State* rangm^ 
from em ■!% to matitrin. 

\ Lotal of SSR loci ucre used in this icutlv h>lti:'.» mt: 
pmeed^ire- deiC^.Vd in .Smith •/ <tL <Vnl^ but ir..-vl:r.ed ^ 
dc-icnbed beh'u- -SSR ioei ^ne chosen or die basis ih;.; die. 



inthvidi .r.h ha-. ' 
narnj: 1 .a ; i<_'i' ^ ' n 
lOi" s.'.::: ; >':i- l 2 ■■- 
SSR lo<-:. 'he h>f ■ 
oil :;uii- -ra. 1 ia 



:v. \ nIh twn u - li; 



i\e a 



lii-h 



■:■ a;bi rd lini.^ .mrl rt jHt*cri\ e' : ,ir 
^ (1 -sirv tiu iv.ch v.hi^ilu^Miif ai:i. 
;:i.Miuni!»cb 'in p.iM'i;l"oi'^ ^ca 

; t hi i i>r>ino> as tollc - ^ i ( 

: in*, b / 1 1 . 7 i h ) . s v 1 ■ 1 _ 



:■ la. a:.".: 



( 14); 17 SSR tori Have no: ;.et been mapped. The correlation* 
amon£ the loci are unknown and are irrelevant for our nicth- 
odolog>'- 

Sequence data for primers tha: allow many of these (and 
other) SSR loci to he* assayed are available at website hctp;/' 
uvw.agro:i nvi^n-a-i tdi. \\[ pr .inevs '.verc designed to anr.eal 
and aniplif- under a ii^glc <ei of ccn.d'ictons for FCKinJO-^' 
rcr.cliors. Genomic L)NA (i'' 1 "til wa.s amplified in 1.5 rriM 
MgCl-. 50 dim KCh \ r t iv. m Tris-'CT'CpH 3.3) using 0.3 uf.i-j 
Arnp'.iTaq Cold DNA po'wnrra>e (PE Corporation) oh- or. u- 
c!co*"de prirner pairs (o ^ primer of each pair was fluorei- 
centlv labeled) at.0.17 ar.c 0.2 tuN( dNTPs- Tht* mixture 
utlS iiic-j bated at.95' for 10 n:in (hot start): amplified Lioinj 
45 evelei of denaturation at.^ ? -for 50 sec. annealing at 50" 
for 30 sec. extension at 72° for 85 sec; and then terminaicd 
at 72" for 10 min. A water bach thcrmoqyclcr manufactured 

at Tiont:er Hi-Br?d Intcrraatiunal v^-jj used I or Pt-R reacrmr.5. 
PGR prodxicw were prepared for electrophoresis by diluting 
3 jil of each product co a total of 27 ua 1 asing a combination 
of PCR prodnLLi generated from other loci for that same 
maize genotype (multiplexing and/or dH50- Dilution of L5 
U.1 nf this mixture to 5 m-1 ^idn .^cl loadirv< f dyt was perfo:TT.ed; 
u was then elccrrophore^ed at 1700 V for 1.5 hr on an .\Bt 
model 377 atitotnatcd DNA >cq L :encer.equippecl with GENE* 
SCAN iofeware v. 3.0 1 Phi -Applied Biosystcms. Foster City, CA*. 

PCR prodvicts were ^ized au'.o made ally using the *'°^al 
Southern" suing algorithm [EtoeR and Southers 19S7). 
After sizing of PCR produces using Gene Sean, alleles were 
xisi^ed irsing Gcnory-per software (PE-AppUed Biosystcms V 
Generally, allele assignations for each locus were made on 
the basis' «f histogram ploi.s consisting of-0,5-bp bins. Breads 
between the histogram plots of >.l.bn were generally consid- 
ered to consdtute .sep.ira;-.oi> ber^een allele bins: however, 
other criteria, such as the presence of the nontemplate- 
dirccied addition of>deniiie \+A addition) and naturalb 
occurrinR I -bp alleles. u-er= ajed on a marfcer-by-niarkcobasis 
to define the alleittrfdie-.ioivar.- All allcier scores were mode 
without knowing the idcatitie, of the maize genorvpc.% 



RF SL T LT5 

Table - preie:uy the p- l>abilirA' of closest anccsiP' of 
die top Hve rankny- mhei-d lines for each of 5 hvhud.s 
. tC /i = 0.50 flMble-JA" -i:-! 0 99 ;Tablfr2Bl. Proha- 
b:;idt-s of .nu:e-t:^ a:- -1 < n bn all _>4 hyhrids .u:d :hv' 
top i-iLiiki:itr inbiv^N m r, Mar \: P = 0.50 {Fi^tlTC la' 



art! /* = 0.W 

sCHtrd Hi Tul^it: _ ,'.1 



Ka->:dL» for the ;^;n-td> pit 
atal .it the top of Figure: I. 
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probability c»F anc^irv of Hv* hybrids asin- obtained from 3D, 100, and 195 SSR loci 



34 n 



3525 



3940 



341^ 



3555 



3536 



- 3905 



3* 1 .uri 



I'll) !o< i 



I: 



SP1 
P2 

D2P2 
D1P2 

PL 
P2 

D1P2 

GP1 

GP2 

PI 
P2 

DIP2 

GP2 
D2P2 

DIPL 

S?2 
D2P2 
D1P2 
P2 

P2 

D1P2 
PI 

D1PI 

dpip2 



0.3077 
0.1016 
0.0907 
0.035 

03545 
0.31S3 
0.1699 
0.1441 
.0.0110 

1.0000 
0.9616 
0-0340 
0.0043 
0.0002 

0.9S22 
0.4927 
0.2S36 
0.1622 
0.0565 

0.9997 
0.9203 
0-0643 
0,0127 
0.0014 



O.ol?3 

0.1965 
0 103* 
0 0927 
0.0125 

£-07 

E-07 
£-07 
E-07 

E-08 

E-06 
E4)S 
E-10 
E-09 



E-07 
E-07 
E-07 
E-07 

0.0001 

0.0009 

£-05 

£4)3 

0.0009 



A 

PI 
P2 

DLP2 
5P'. 
DIPL 

PI 
P'J 

D1P2 
CP1 
5PI 

PI 

P2 

DLP2 
D2P2 
D3P2 

Dl PI 

$?■: 

DIP" 
D2P2 
PI 

P2 
PI 

DIP2 
D2P2 
" DPIP2 



o.$ui 

0.1559 

0.12:3 

0.0009 

0.9999 

0.5437 

0.4563 

£-07 

£-07 



0.9999 

0.9997 

0.0003 

E-05 

E-00 

0.9S05 

0 232 L 

0.1317 
0.0197 

0.9999 
0,9970 
0.0030 
0.000 L 
0.000 t 



SP1 


0.9995 


0.0001 


PI 


Pi? 


0.SS36 


0.1653 


P2 


DIPS 


0.0722 


0.1029 


D1P2 


D2P2 


0.0441 


0,0628 


D1PI 


PI 


0.000 I 


0.9001 


sn 


PI 


0.9999 


0 


PL 


P2 


0-8991 


0 


DLP2 


D1P2 


0.1 008 


Ml 


P2 


GP1 


E-05 


0 


D2P2 


CP2 


E-06 


E-17 


sn 


PL 


1. 0000 


0 


pi 


P2 


0.9996 


0 


P2 


DIP? 


0.0003 


0 


DLP2 


DIPl 


£-11 


0 


D3PI 


D2P1 


£-13 


0 


D2PL 


D I PI 


0.9999 


0 


DLPI 


P2 


0.9992 


0 


P2 


SP2 


0.0006 


0 


D1P2 


D1P2 


E-05 


0 


5P2' 


D2P2 


E-06 


0 


D2P2 


P2 


0.0999 


Z-0S 


Pi' " 


DIP2 


0.9999 


E-0d 


?t 


Pt 


E-oiT 


E-13 


DIP2 


DlPi 


t-0t> 


E-L? 


D2P2 


DPtrj 


E-12 




DP ! Vt 



8. Assuming P = 
0.9999 
0.9938 
0.OO61 
E-05 

0.9999 
0.9719 
0.025 
F.-2D 
E24 

i.oooo 

0.9999 
E-u9 
£-21 
E-?t 

0.9999 
6.V999 
£-06 
E-07 

l.OUOl) 
0.9999 
F."-/>5 

£-2 ! 



U.0253 
0.2235 
0.22? 5 
0.025 
0.0002 

<E-20 

<E-20 

<E-20 

E-13 

<E-20 

E-10 
E-10 
E-l-l 
E-15 
E-17 

0 

0.0976 
0.0617 
0.0372 
0.0055 

£^>5 
0.00 1 1 
0.00 11 
E-05 
E-07 

0-99 
E-05 
0.0107 
0.0107 
E-06 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

£-03 
E-06 
£-06 
E-13 
£-10 

E-OS 
E-05 
E-05 
E-l I 
E-21 



[,,ryt. 



PI 

?•! 

DIP2 
D2?2 
SPt 

Pi 
P2 

D1P2 

SPl 

GP2 

PI 
P2 

DLP2 
D2P2 
CCP2 

p; 

D i P2 
D2P2 
Pi' 

D3P2 

P2 
PL 

Dt?2 

DP1P2 

D-P2 



PI 

P2 

D1P2 
D2P2 

sp: 
p^ . 

P2 

DIP2 
CP2 

PI 
P2 

DIP2 
D-JPl 
03PI 

PL 
P2 

DIP2 

D2P2 
Dl?l 

PI 
"P2 
D L P2 
DPLP2 
D2P2 



Pl'ji?. 



L.OOlHi 

0.9957 
0.00 :3 
E->3 
E-06 

l.OCOO 

0.9633 

0.0365 

E-15 

E-iS 

1. 0000. , 
1. 0000 
E-09 
E-14 

F.-17 

i.OOCO 

1.0OC) 

E-06 

E-07 

£-10 

1.0 -JOO 
1.0000 
E-l I 
E-17 
E-!9 



0.9999 
0.9999 
E-l I 
£-H" 
E-2V> 

1.0000 

0.6135 

0.3864 

£-48 

E-+9 

0 0999 

0.9999 

E-22 

E-49 

E-.*i4- 

1. 0000 
0.9947 

0. 0052 
£-LS 
E^25 

1. DC00 
1.0000 
E-24- 
E-u 

E-:V> 



E-07 

0.0033 
0.0033 
£-06 
£4)7 

<£-20 
O.052S 
0.0523 
<£-20 
<£-20 

<E-20 
<E-20 
<E-20 
<E-20 
£-17 

E-O'-'i 
E-06 
E-13 
E-15 

E-09 
E-09 
E-l I 
E-17 
£-18 



E^S 
£^)3 
E41 
E-l 4 .. 
E-2I 

0 

0.44-i6 
0.4446 
0 
0 

0 
0 
0 
0 
0 

£4)9 
E-09 
£-11 
£-18 
E-25 

E-09 
E-09 
E-24 
£-U 
E-i9 



H^brl.. rwhiici; Inhri.. inbred: Prob.. p' o^.i- 
V A~ :h;.- '-.ins: PI. p^mt oi:r: P2. i^i.iMi 
<ic:-iv.iUM-s of :>;-.n.T.I '>nt p.ironr r.<s .u- I- :S 



;u\-. SF. >t;t;ifUirfl error, reicrriu^ ^ :hr 

S^i lull sin, in:; ■j?j"C"" nnr- pj 

-m" LlMi-i.T nt^urt liiK'^: DV11 j 2. <\cir. K ,:ivi 



i.-i' 



i:i the r e S u t r 5 
(uo. L)fPl.-0.?2. 
I b\'!li parent Oilt: 
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Hybrids 

u\ • 
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3';>;? 
3 ) 

3162 
3l*i3 
31 S9 
3 1 A 1 2 
3245 

32k6l 

3.1 33 

3343 

3348 

3352 

3373 

33026 

33T90 

33YIS 

3411 

3 ^ I 
3406 
34B13 

34CS: 

3514 

3515 

3540 

3547 

3559 

3.VJ3 

3^63 

35BZ6 

35R57 

36 L 5 

36Y95 

3730 

3733 

3753 

37W 

3860 

3893 

3SF70 

38P05 

38R?2 ' 

3WC 

3907 

39U 

391C3S 

X0015A 

XI 137R 



A 
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Jo ; 

4c 



A 

A 



A A. 



A A 

A 



AA X 



X 

A A 
A 
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X 



-o 



o 

o 

O 
o 

o 
o 
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AAA 

A A 

X XX 



A £A 



A^ 

. A 
A 

A AA 



A A 



X A 



A A 



■3 



3 
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0 A 
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X 



A^ 
lZA O A 



X 



A A 



A' X 



T" 



T 



AAA D-PI/P2 



-10 -15 -20 

Probability of ancestry (logm) 

Others ^ ," .": Parent 



-25 



-30 



S-PI/P2 



r |f( . K i_ t> r «il>abi!ines ol ancc^.. ^n.nji " = rt 30. for V.J 34 hybrids and r;>:> rrmkn^ 



::cl top 



— I Host' 



.>\lh prnlxibii 
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b 

H\bnds 

.1-1! 7 

3*05 

3<M0 
3146 
316: 
3163 
31S9 
31A12 

3:45 

32J5 5 

32K61 

3335 

3343 

3348 

3355 

33TJ 

33G26 

33TW 

33Y18 

3411 

349 1 

3496 

34B15 

34GS; 

3514 

3515 

3540 

3547 

3559 

3563 

3568 

35B25 

35R57 

3615 

36V95 

3730 

3713 

3753 

3790 

3S60 

38S3 

3*r7o 

38M5 

3SK52 

3902 

3907 

3914 

39KJ8 

X0915A 

XI132S 



31 

Is 



5 

o 
-g 



- O A 



AAA 



X X 



x n 



-5 



I 

-to 



~1 
-15 



-20 



-25 



-30 



Probability* of ancestry* {log- .) 



Wiin; tht L i(^«)[it!un used P = 0.">0. the tw' 1 reject 
p.ireii^ ivtn dendbtd lt s in-hot in proh.Lbih:* for 4S 
.g^'i hvluirS Filmi:^ 1 » Fnr euch r>f b Ivdirub t^SV'?. 
jlSF'u. a:ul \D!U."A: onr p.iiri-.: 

iintUed m die op ruo pk:( ev The oiLr: p.tii:u '.w\*> 
suupl.iMU i ; : r:iht i bv a ^i-T.ri inbred r>r h\ ;in iid>'< d d:,u 



was a direc: pn^t:n ol druU patent. Overall- K»- 1 1 
ot H)S parental inhi rd* nrrc correctly kieiuiried. Foi 
hvbnds where both parents tanked rmt nr ^'u):i;L the 
i an^e of pj < >habltie< . -i p.oemal I me* Lh.a ranked :tro 
trnrn imumt; all • mbreds -an^ed iumi ')'.() ^ 

D/J^JT: p;u't:iu:d imn rur kiii'j second nmefd t" ,,il 
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1 (if U){) u » O.Oii.VV Fur 'V" \w hrid*. both paren [- ha< ! j»i ' 'b- 
abi'i'.ic^ nt an.L-irv in cscwns ul" 'UU'L' rV>b (1 IV.iu. "I 
au< t:MiV icr iH.:ij;.iu-;U> diat r 1 ink(.-f! ir. Iir^: <>i ^eu>nd 
places horn ') U'J'.J^ twO.7034. fur the majors "! 

Ii, Im t:.r pi uihin.lo; ' »t d'e :ln:'ti nr.d hi-rhe^r !-..:iVa,-<l 
nor.parmtal ''m bred was .u or below IMDb. This mdicutcs 
Own there LiMia:'.;. vl:-\ little unceaairuv about cl<^e-i 
ancestors. 

When the algorithm used P = 0.09 to examine each 
of the 54 rubrics, both parents were correct!'. - irlciiiific cl 
for 32 of hybrids and for 93^ ( 102 104 » uF rhc 

parents across all hybrids (Figure i). Two hybrid* '>*>N 
and X0915A). in which one parent was not ranked in 
the "top two, were also in the subset not ranked in the 
tup two assuming P = 0.50 (above), tn both cases their 
ranks improved (both to third rank) and the actual 
parent was supplanted by an inbred that was a direct 
progenv of the corresponding parental line. For 49 hy- 
brids, both parents had probabilities of ancestry in ex- 
cels of 0-W. Among the 5 hybrid* having a parent 

ranking second with a probability qF aneesiry bclo^ 
0.999, the lowest of these probabilities was 0.3976 i-tn.1 
the highest probability for a third ranking nonparent 
was 0.1023. For most hybrids the probability for the 
third and highest ranked uonparcntnl inbred w;w at or 
below E-10. 

Table 2 also addresses data analysis in circumstances 
where hetero/rvgous loci occur in inbred lines Or where 
a hybrid is scored for the presence of more than two 
alleles oer locus. The presence of more than a single 
allele per locus in inbred lines is an infrequent occur- 
rence in welt-maintained inbred development and seed 
increa.se programs but is possible because ^5—5 c - f c of 
loci can still be segregating and unintended pollination 
from genotypes not designated as parents of the hybrid 
can occur. For hybrids, more than ;\vo alleles per locus 
can be scored when DNA is extracted from a bulk of 
individual pi an is and because inbred parents are not 
homozygous due either to residual heterozygosity or to 
contamination or because one or more direct parents 
of the rubric! are themselves hybrids. The pr^ence of 
more than one allele per locus in an inbred tine and 
more than two alleles per locus in a hybrid therefore 
can be accommodated by multiple runs of the algo- 
rithm* each with a random choice of two alleles per 
locus. Cuiiseqttf ntlv standard errors in the case c>t ana- 
lyzing data from 10? loci tend to he very small because 
there were few loci where an inbred or hybrid sample 
{from a bulk ::S indhidua! plants) wxis scored tot more 
than two alleles 

Marsh u a ^ 'rf : 100** have drawn attention rors 
that can be lt,,. s.mcred in ^enoiypin>; survcv-,. T:.c>r 
errois im.'.ude tn.-^hur d.ua. null alleles, and wy>\\v F \ i.-r- 
rin.v We *.;ie:r- : t i r.\ L--Ui;alcf 1 the robustnc^ <*' 'hi 
al"M>ri{:'itn b*. rx^mi.tr- the effect* of :nodiricati< " ^ mi 
l 1k- da:a h "-i to*- h'-bnd. .1*4 17. ;>n."tv and 



■Vi-in i. fit*:, v-f redtn i\! the :h.:mI>u; ot SNt^s us^d. trmn 
tlu mil mji ul I'.G t»» and then u- X> v 'iVJ/c *J ) . L >c 
of :" l'.".i gc°.e:a;^d iinonvn r.inkuv,"* of one parent 
In: each nf two hvlnid- : :U I 7 ,i:,<l :>J t« ? ^ and for bud: 
pai 1 - n ^ of oi:e h\bii*i 1 1 A- • "t chest i:".o>t in^h.l-. 

ranked nonoarenral lubrcds were closely related to the 
true parent* for each of 'lie rc^pect.vir tub rids: six d! Par- 
ent inbred lines were invr/ived. Four '.vere direct proife:u 
of the true parents (one with ^ additional backcrosses 
from :he true parent) and rwo were ftdl ^is:ers (from a 
cross of highly related inbredst of the actual parent of 
the hvbrici. Using U;0 loci resulted m correct parental 
rankings, for all hybrid^ except for 3905 where neither 
parent ranked in first or second place. Four inbreds 
outranked the true parents of 3903. AJ! four nonparenLs 
were closelv related to the respective true parents; three 
were direct progenv of the true parent of the hybrid 
(one with additional backcrossinj to that parent) and 
one was a full sistcr'of the true parent. Use of data From 
w\\ 19"' loci corrected tV oku cmeni for one of the 
pjrer.Ls of hybrid 3'jC:>. T\-\j nihreds cluU were not par- 
ents of this hybrid remained ranked more highly than, 
one of the true parents. Both wire direcc progeny of 
that parent, and one of these inbreds had additional 
backcrossing to that parent in its pedigree. 

To address the consequences of laboratory and Other 
sources of error, we artificially compromised data qual- 
ity beyond the level originally provided by eliminating 
specific proportions of alleles dw had been scored (es- 
tablishing scenarios where various numbers of SSR al- 
leles were not scored) and bv mtsscoring other alleles 
(establishing scenarios where various numbers of SSR. 
alleles were scored incorrectly;. We also combined the 
scenarios of missing data arid wronglv scored data. Table 
3 contains a summary of the results of making these 
"modifications in the data. For all modifications we used 
data from all SSR loci and we also randomly chose SSR 
loci to create subsets of 5i) and 100 loci. In each case, 
the program wa* nrn 20 times for each hybrid/set of 
loci- When all 195 loci were examined, replications dif- 
fered only according to die particular choice of alleles 
for loci where more than rwo alleles had been scored. 

To evaluate robustness in the face of missing data or 
mistyped data, we simulated individual and combined 
categories of these data in the hvbrid and all inbred 
lines at levels of 2, 5. 10. and 25 ^ of the alleles for each 
of five hvbrids and all m'r>red> bevond the level of error 
:vi originally scored b^ the laboratory. We examined the 
effects of these levels and r%prs of error for three sizes 
uf database: 50 lor:. K'O 'h i. .md all 193 scored loci. 
The Name five hybrids coivuin e- i m Table 2 were investi- 
gated: :>417, 3:^5, :'^'>-> .md :W0. One of thc*e 
lubrids (3905> w;is ch< ■.*<.■:<. Sci.mse one of its parents 
did not rank amony; r'-c- u^.^ i ^.- :.ihiees even when the 
n'Hiptete and unrtu^di : :r : n.ii.i ;;.-m al' SSR Loci were 
nserE. 

E\.nnplcs of ro!ii.>;iio.> .-i : ■ u.e '»faddit:on:il error 
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fur h\hi iris uMni: <ub*:T* <»' and h »' > U >l i and .vll 
ii: l- sl'.iiu-n i:i Libit 1 S why:;- :u;rnljt':^ of palCUV* 
ranki:^' n'l': the top two place* are p;:>r:rfd. Dc^rada- 
LH'ii in pt t::ciciu;al ranking n\ parent iuhictU at a 
\> , 1 ,i ' .jli.iL.f^i'. ':i!>^:i;'L!.i m> -h<;ur. for ..i .e 
inhnri I35*J5; ^vith usage of y0. 100. or al! 5SR loci. 
Oi -<v.tfiLLLiuii in the preferential ranking of parent in- 
bred* at a level of 25^c additional misscorcd data was 
sh.uwu For hvbiicl 3556. When both additional levels of 
rr, ivsm* and misscorcd data were simulated, degradation 
i:i :!<c ability to preferentially rank inbred parents oc- 
curred tor ail hybrids and for all sets of SSR (50, 100.^ 
arid 195 loci) except for hybrid 34:7 when duta from 
195 SSR loci were used. Over all five hybrid*, use of 100 
loci improved robustness from the use of 50 loci; use 
of 195 loci further improved robustness for four h>bdds 
(3417, 3525, 3905, a-nd 3940). The degree of improve- 
ment was small, except for hybrid 3905. 

We aho ranked inbreds according to their probability 
of ancestry of hybrids *A-her. both parent- ar.d ai: inbred 
derivatives and full-sister inbreds of the respective in- 
bred parents for each hybrid were excluded from the 
analysis. The result are too voluminous to present here 
but can be summarized as follows: Using P = 0.50, a 
grandparent of each respective hybrid ranked into first 
place for 41 ("n^) hybrids; probabilities ranged from 
0.4976 lo 1.0 and most were above 0.9999. Other classes 
of inbreds that ranked in first, position for probability 
of ancestry were inbreds derived directly by pedigree 
from a grandparent of the respective hybrid (DCP) for 
1 39c of hybrids, inbredi derived directly by pedigree 
from a great-grandparent of the respective hybrid 
(DGGH for 9V» of hybrids, and one class V2 C ' C of hy- 
brids) with an inbred ranked into fu'*l place that was 
directly related by pedigree to the great-great-yxand par- 
ent of that hybrid. Tnbreds that ranked in second posi- 
tion were related to the respective parents of the hvbrid 
a> follows: Thircv-one (oT^c of hybrids) were a grandpar- 
ent of the respective hybrid. 11 C20%) were classed as 
DGP, 7 (139c) were DGGP. 1 (2^) was class DGGCP, 
and I (! % °n) were a great-grandparent (GGPj of the 
respective hybrid. Overall hybrid*, two of the tour 
grandparents ranked into first and seconcl posinons for 
23 (43% of hybrids'); three grandparent ranked mto 
the first three positions for 5 (9<7. of hvbridsh There 
were no instances where all four grandparents ranked- 
\am the first four positions. Thirty livhriris had a ^ and- 
parcnt ranked into first position u-sin.u P - 0.99 The 
number of grandparents ranked into the top fi\c por- 
tions Was 9:4 ;coiup^:cd Lu I'JiS uiien /' = O.V).' T:ir 
number of ^-.md parent* ranking iut» » thr !op ruo por- 
tions v*a> 33 ■ riimpat en to 71 when P = «" > The 
mean |>t obab:fttv of a grandparent th.u i .inked ir.to the 
NiM iuo pnsiliuils 'OS O oosi^; SO = 0 1 *"i4> ul.e:. F - 

0.50 and o.ouh("j fSi> = 0uhJ4' when /' = n. i >v 



DISCUSSION 

The prevalent u>e of paternity indices dem- >nMr ate^ 
th.ir ti .u;-.ai;L;- s f eou- tn have explicit pi ■ th.ihi' tn ^ ol 
ance^tr" distinguish ariou^ diffceru p.'(t:u"i ; s Vff>- 
iL'.ukii Mi.i;Lui ptoh:cs ai l- rapidly ociomin^ r::-ir. e.s- 
tensivr and rt»t effective to generate. Fcntv.ics ::ua \%ou!d 
advance L he statistical anah*s is of molecular maimer data 
to prijvide explicit probabilities of ancestry inrlude the 
abilj'.v :o calculate probabilides of ancestry wnere there 
is no 'i pnon ^information a-S to r .he ideruicv of uiic (asoally 
the maternal ; parent and robustness in the face of ;:ibo 
ratO'V error. 

Mai^e inbred lines ajid hybrids provide i very exacting 
set of materials for evaluating the discriminators' abilities 
of molecular data and statistical procedures* that are 
employed to interpret those data. Hundreds of incize 
inbred lines of known pedigree together encompass a 
great diversity and complex: rv of pedigree relationships. 
Some mbred line* car: be very highly related :md gtneti- 
calh sirnKaf due to their den\-a*.ion from comn.o! pa-- 
eiuage including fiorn parent* that are the in selves highly 
related. Consequently, relationship categories such as 
"sister" or "parent" when applied to maize inhreds usu- 
ally refer to closer degrees of pedigree relationship and, 
thus, of germplasm and molecular marker profde simi- 
larity than those of the .equivalency named cla^sey-of 
relauonship for animal species. Most maixe hybrids that 
are widely used in the United Statesvtoday are con- 
structed from pairs of inbred lines- that are unrelated 
bv pedigree, each inbred parent having been bred from 
a separate "pool" of germplasm. Various degrees of reiat-' 
edness are possible between' hybrids according- to the 
pedigree relationships among their constituent inbrect 
parents. 

Using P = 0.99 in the algorithm is more specific for 
identifying parents than using P - 0.50: However. P - 
0.99 is less robust for identifying other relatives, such 
a^> grandparents. When the algorithm wa$ run at P = 
0.50 there were 6 hybrids for which one parent did not 
rank among the top two most probable genotypes. For 
die remaining 4y hybrids the correct parents- were iden- 
tified even in circumstances where other candidate in- 
breds included not only full-sisw*. lines bred from re- 
lated parents but also inbreds even more closely related 
to the true parent by virtue of being backcross conver- 
sions of the inbred parent of die hybrid. For each of- 
die 6 hybrids where a non parent ranked abtjve a true 
parent, that higher ranked inbred w-as always either a 
sister iir progeny nf the outranked true parent. The 
raiiLfe of pedigree relaiiouship^ as e\pressed In i\w 
Malecot coethvieiu of iclaredurvs iMAi.t t:(V! 194?^ tha: 
w;i5 cnronip.L>-ed h\ pairs of erne parer.r> and aiure 
hi^hK lanked ini>rccl rciativc- <jf the 'rut- pan.nLs v t .ts 
from 0.H:- ,, f» *<> 0. r »^Sl\ A coefht imi of O.S'/.oi; .ippr-uM- 
irates .i rekuii »'»>!■. i p hi-;-,N rcn mhrLd A and A w:iere 
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t"r.l..i : V,:r. A:.« 

i^lwcl A iu> tncn bred bom a um>n ol mlnvds A .uul 

U -Allil !)l>vv:i UOC and I"..*. .uUL.L.-l L.li b.uki "f 

liic oa-e-ical ;alnr:l A A MaU-< cnt-ffu irr. t ol rel.mcMi- 
„h,|j" wMUib^ Jo.cb app^xhtuUL. a ivIu'Ji >» »sh : P Ik- 
- uir , inbred, * and A" :-.tr addir:v,yil hack- 

»f parental inbred A tollow the mmal en** ot 
uibrccU A and B. 

R.mmng the- algorithm at P = 0 09 m comparison ;o 
/>= 0.30 raises the probability* of ar.cest^ feu d^c parent^ 
^ while diminishing the probabilities for the third" and 
lower ranking candidate inbred lines. Use of the algo- 
rithm at P - 0.99 merged both the percentage Of 
hvbrids with born parents ranked in the first rwo posi- 
tions (from 89 to 95~o'i and the percentage of parental 
mbreds that were ranked first and second (from 94 to 
93^). Two hybrids (39L4 and X09L5A) did not have 
both parents 'ranked first and second when the algo- 
rithm was run at P = 0.99. For both of these hybrids 
the nonparcntal inbred that outranked the live parent 
was itself a piOcUiCt bv pedigree from [ho true parent 
that had been cie<ued by a:i additiutiiu fow backcro^e:: 
of mat paitrnt. the \UlcCot coefficient of relationship 
between the parent of the hybrid and the inbred that 
outranked that pa rem for these two hybrids wa* 0.9b36. 

Robustness was tested by evaluating the effects of us- 
ing data From different numbers of loci and by simulat- 
ing additional IcncIs of missing and inisscored data up 
^combined levels of 25% error beyond that which was 
provided bv the laboratory. From our experience, error 
rates of 5 to 10% can occur in SSR profiling of maize 
due chiefly to the combined effects of residual heterozy- 
gosity among seed lots and bv deficiencies in the scoring 
of heterozvgotes in hvbridis. The Additional levels ot 
simulated error, therefore, include values (up to —35 c 
total error) that are well outside of our experience. For 
five hybrids chat were examined, increasing die number 
of loci from 50 to 100 (with no additional missing or 
mLsscored data) did reduce the number of instances 
where inbreds that were nut parents of a hybrid out- 
ranked the true parent from four to one. Nonetheless 
all of these more highly ranked inbreris. although they 
were not themselves the iru* parents of the respective 
hvbrid. were cither direct progeny or full sisters of the 
true parent (Tabic 2). Consequently, if such degrees of 
~ error can be tolerated ui respect of pedigrees for.i.nbred* 
that are idemihed as parents of hvbrids. then SSR data 
from 30 loci of equivalent discrimination abtlm are 
sufficient- Use of data from 30 !oci also evidenced ro- 
bustness in the face of up to 10% additional levels of 
either missing or mis<cored data: no degradation in the 
ability to idcniiU j p.^'=*:*-i apparent up to the level o: 
{()% additional error ^cepr for UK additional rm.-ins 
and mirrored alleles N>r <*:u- hybrid T.ibir ^ 

However, use of U'O loci irur^cl the pmont :i. j 
true paivms :kat w<-u- roinctlv idc- m: fsn I fro;:: ' v ' 
(fn: 10 Wi! ".o tme.ui cortcct parents ip.tr xl 



or cro>r: Table a> L\e o> ti:im fiom 1 1 h'ci_ 
po.v'.ded 4 l\Uv: kmIil^v uy;.iiu^ arlc I ' i< i-- leveU ol 
cl H.-wevc*:-. u>t- of data fiom U 1 "? loci ^as unable u> 
p: ( »%:de toiheii'.v a^air.sL d»c iiegathc «.l;eci-> ol aridiog 
co-Mhiuc'l >■ .t;U : ofh- : :h niis.r.'.-red 

dui" l Table 3> At die 25^ level of addi^or.al poor data 
iiiu;^riiv. itibvocs that were nyi related to the u ue parent 
of the hybrid outranked the true pareM for four^f the 
f\vj hvbrids. Levels of mining or mis^cored data should. 
therefore, be kept below 13-2')^ fa^uming ajeycl of 
3-10% error in the data we analysed prior to sirr.ulutins 
additions: error) . 

Wc have previously examined the pedigrees of m- 
breds that we ranked into the^iM ru<o positions when 
the true parents are removed from^he list of candidate 
inbred lines. Usually, direct progeny or full sisters of 
the true parents then rank most highly (data not pre- 
sented). We therefore examined the rankings of inbrcds 
vri:S respect to their racking and probability Q f inclusion 
in the ar.ccstry of each hvhr.d after the removal, not 
op'-- of the true parent, but v.\,o of the p- O^cny or the 
Luc parents and any full s^ers of the true pun-niA. lu .. 
the^e circumstances the grandparents of the hybrids are 
ranked predominantly into top positions. Using P = 
0,50. a grandparent ranked into first position for 
hybrids and into second position for 57% hybrids; with 
P ' = 0 99 a grandparent ranked into first place in 56% 
of hvbrids. At P ^ 0.50 two grandparents ranked m:o 
first and second positions for 43% hybrids and into f Jie . 
first three positions for an additional 9% hybrids. Most 
of the remaining inbreds that ranked into the top two 
positions were progeny of the grandparent. A total of. . 
10S grandparents ranked into, the top five positions 
when P = 0.50; 93 mnked into these positions when P = 
0.99. Seven tv-one grandparents ranked into the top two 
positions when P = 0.50; 55 grandparents ranked into 
the.se positions when P - 0-09. The mean probability 
of a grandparent in the cop-nvo positions was 0.9233 
fSD 0.1454) when P - 0-50 and 0.0980 ($p 0.0104) 
when P = 0.99. Our algorithm wa.-; written to identify 
pairs of ancestors, alternative algorithm-; could be tai- 
lored to identify' all grandparents once parents had been 
identified and removed from the list of candidate in- 
breds. 

We have demonstrated the capability and robustness 
of an algorithm that can be used to^how probability of 
parentage in circumstances where the a pm^ri pedigree 
idcntit> of neither parent is known. Exclusions are taken 
into account, therrbv allowing parentage to be shown 
pven u-hen the two parents arr not reprrsciited in the 
database of mo'.rcular pvofi\-> that .uc rN-imincd. He:- 
tMovv^oits candidate parent can be accommodated. 
Tlx :uimher of loci tiuu isncc.ssaiv to provide a reh.ible 
b..>i< ofrlrtevnuiim- pedi-*^L \> dependent upon die 
deovr of rela:erlne« anion- parent and nor. parent 
tl :ul upon [hfdiscriini:iaton-a:^liivi)i'r!it: ma: 'o.-i- v^tem 
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L> A. [V- 

mLllc ,pc,^ ot n lt ,ot, Imu* ,>=0^u,npa t cd to 
• t > = U ".(» t j:.jiVtL-:ui.iLU icIliu-::^! u.wiv nuc patent ai-.-l 
will! ;' l -n::at-r differ encr of p: ob^hUirv u> ihircl pl^.-cl 
tUJll pa^iiL>. II tlu-.c W :-coMi;:ahk .^u^H^ linil* tnt 
p, !f .,us ; ,rr aim,-: ihr oi:u!ir!,uc !W r,F inbrccK dn:n 
/> - O.'jy should ^s<fl: it gr^uc: 1 fobustnoN tl- 
q-ured, then P = 0.30 ,houlcl be u«d. 

\^pl:-.:u;on> of our akoiiihm include ;hc ideruihcu- 
don of pedigrees among 'individuals of plant or animal 
specif where molecular profile dataseu; c*isi that era* 
be interpreted in term* of segregating alleles at individ- 
ual marker lefci and that provide a sufficient power of 
discrimination. Capabiiicics to generate lar 5 e da usees 
of suiuble molecular profile data arc already available 
and are increasing rapidly unth the advent of single 
nucleotide polymorphisms. One further application of 
our algorithm is to assist in the protection of intellectual 
propertv that is chained on plant varieties or upon 
"specific dams or s\cti of animals through the determina- 
tion of pedigrees. 
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Essentially Derived Variety 



What is an "Fssentiallv Deriv ed Variety"? 

The concept of essentially derived variety was introduced into the 1991 Act of the UPOV 
SnvenS in order to avoid plagiarism through mutation, muitipie back^ossjng and to 
fill the gao between Plant Breeder^ Rights and patents, gap wh.ch was becoming 
important due to the development of the use of patented genetic traits in genetic 
engineering. 

.„ ^-^nt^iiv derived vanetv is a variety which is distinct and predominantly derived 
Ton Ti fT^^I^ *W>e retaining the essential characteristics of that Initial 
variety. 

As indicated as an example in the UPOV Convention, essentially derived varieties may 
£ Obtafned by the selection of a natural or induced mutant, or of a sornac on a vanant. 
the selection of a variant individual from plants of the initial variety, back-crossing, or . 
transformation by genetic engineering. 

The commercialization of an essentially derived variety needs the authorization of the 
owner of the rights vested in the initial variety. 

The concept of essentially derived variety does not at all abolish the Breeder's 
Exemption, as free access to protected plant varieties for breeding purposes is 
maintained. It is not a threat to biodiversity. On the contrary. ,t favors biod.vers-ty, . 
encouraging breeders developing and marketing original varieties. 
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INTERNATIONAL CONVENTION 
FOR THE 

PROTECTION "OF NEW VARIETIES OP PLANTS 

Of December 2, 1961, as revised 
at Geneva on November 10, 1972/ 
on October 23, 1978/ and 
on March 19, 1991 



adopted by the Diplomatic Conference 
on March 19/ 1991 

reproduced from UPOV Publication No. 438(E) 
issue No. 63 of "Plant Variety Protection" 



1991 Act of the Convention 
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Article 12 
KTMMinj tioD of the Application 

"Any decision to grant a breeder's right shall require aa epuminatlon fof 
compliance with the condition* under Article* S to ». In the ? courw of the 
«i«-in»tlon, the authority may grow the variety or carry out Other necessary 
testa, c a Ufi e the growing of the variety or the carrying out of other necessary 
tests, or t*k» into account the results of growing t«t* or other trial, which 
have already bean carried out. For the purposes of examination, the authority 
■ay require the breeder to furnish all the necessary information, documents or 
material. 

Article 13 
Provisional Protect ion 

Each Contracting Party shall provide measures designed to safeguard the 
Interests of the breeder during the period between the filing or th* publica- 
tion of the application for the grant of a breeder'a right and the grant of 
that right. Such mea*ur*i shall Have the effect that the holder of a breeder a 
right shall at least be entitled to equitable remuneration from any person- who, 
during tha laid period, haa carried out acta which, onca the right is granted, 
require tha breeder's authorization as provided in Article 14. A Contracting 
Party may provide that the said measures shall only take effect in relation to 
persona whoo the breeder has notified of the filing of the application. 



CHAPTSH V 
TfiS RIGHTS OP TUB BRSBDBR 

Article H 
Scop* of the Breeder's Right 

(1) [ Acts in respect of the nropagatinc material ) (a) Subject to Article* 15 
and 16, the following acts in respect of the propagating material of tha pro- 
tected variety shall require the authorization of the breeder! 
(i) production or reproduction (multiplication), 
(il) conditioning for the purpose of propagation, 
(iii) offering for sale, 
(Iv) selling or other marketing, 

(v) exporting, 
(vl) importing, 

(vli) stocking for any of the purposes mentioned in (1) to (vi), above* 

(b) the bumper may make bis authorization subject en conditions and 
limitations. 

i2 ) t Acts in respect of th e ha rvest ed material l Subject to Articles 15 
and 16, the acts referred to in items (i) to (vli) of paragraph <l)(a) In 
respect " of harvested material, including entire plants and parts of -plants* 
obtained "through the unauthorised use of propagating material of the protected 
vmriaty shall require the authorization of the breeder, unless the bre«der.*xa* 
had raasonable opportunity to exercise his right in relation to ..the said 
propagating material. * 
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(3) [ Act* In respect of certain products ] Each Contracting Party «ay provide 
that, subject to Article* 15 and 16, the acte referred to in items (1) to (vii) 
of paragraph (l)(a) in respect of products made directly fro* harveated mate- 
rial of the protected variety Calling -within the provision* of paragraph (2) 
through the unauthorized use of the said harvested Material shall recjuire the" 
authorization of the breeder, unless the breeder has had reasonable opportunity 
to exercise his right in relation to the said harvested material. 

(4) [ possible additional acts J Each' contracting Party may provide that, "sub- 
ject to Articles 15 and 16, acts other than those referred to in itemo (i] to 
<vii] of paragraph (l)(a) shall also require the authorization of the breeder. 

(5) [ Essentially derived and. certain othe: varieties ] (a) The provisions* of 
paragraphs (1) to (4) shall also apply in relation to - 

(i) varieties which are essentially derived from the protected variety, 
where the protected variety is not itself an essentially derived variety, 

(li) varieties which are not clearly distinguishable in accordance with 
Article 7 fro* the protected variety and 

(iii) varieties whose production requires the repeated use of the protected 
variety. 

(b) For the purposes of subparagraph (a)(1), a variety shall be deemed to 
be essentially derived from another variety ("the initial variety*) when 

(i) it is predominantly derived fro* the initial variety, or from a variety 
that 1b Itself predominantly derived froa the initial variety, while retaining 
the expression of the essential characteristics that result from the genotype 
or combination o£ genotypes of the initial variety, 

(ilj it ie clearly distinguishable from the initial variety and 
(ill) except for the differences which result from the act of derivation, it 
conforms to the initial variety in the expression of the essential characteris- 
tics that result from the genotype or combination of genotypes of the initial 
variety* 

CO Essentially derived varieties nay be obtained for «ia»plc by the »el*c- 
t ion of a natural or induced mutant, or of a louglgoAl variant* the selection 
of a variant individual from plants of the initial variety , backcrossing, or 
transformation by genetic engineering. 

Article IS 
tecceptiqns to the Breeder 'a Right 

<1) [ Compulsory exceptions ] The breeder's right shall not extend to 
(i) acts done privately and for non-coaaercial purposes , 
<ii) acts done for experimental purposes and 
(ill) acts done for the purpose of breeding other varieties,, and, except 
where the provisions of Article 14(5) apply, acts referred to i-n Article 14(1) 
to (4) in respect of such other varieties. 

<2) [ Optional exception ) Ho twi the tandlng - Article 14, each Contracting Jarty ^ 
may, within reasonable limits and subject to the safeguarding off the legitimate ~ 
interests of the breeder, ^restrict the breeder's right in relation any '\ 
variety in order to permit farmers to use for propagating purposes, on their 
own holdings, the product of the harvest which they have obtained by planting. 
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